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ABSTRACT

This document describes the formulation and operation of a  model designed to assist in
planning supplementation projects. It also has application in examining, a broader, array of
questions related to natural production and stock restoration. The model is referred to as the
Ecosystem Diagnosis and Treatment (EDT) Model because of its utility in helping to diagnose
and identity possible treatments to be applied to natural production problems for salmonids. It
was developed through the Regional Assessment of Supplementation Project (RASP), which
was an initiative to help coordinate supplementation planning in the Columbia’ Basin. The
model is operated within the spreadsheet environment’ of Quattro Pro using a system of
customized menus. No experience with spreadsheet macros is required to operate it. As
currently configured, the model should only be applied to spring chinook; modifications are
required to apply it to fall chinook and other species.

The purpose of the model is to enable managers to consider possible outcomes of
supplementation under different sets of assumptions about the natural production system and
the integration of supplementation fish into that system. It was designed to help assess
uncertainty and the relative risks and benefits of alternative supplementation strategies. The
model is a tool to facilitate both -planning and learning; it is not a predictive model. Modeling
in this sense is meant to be a catalyst for thinking and helps to ensure accountability to the
planning process. Hypotheses, rationale, and expectation for a project are clarified and refined
through this process. In helping to assess uncertainty and risks, i t  can also be an aid in
identifying and prioritizing elements to. be addressed through the monitoring and evaluation
phases of a project.

This document consists of three principal parts. Part I provides a description of the model.
Part II is a guide to running the model. Part III provides theoretical documentation. In
addition, a sensitivity analysis of many of the model’s parameters is provided in the appendix.
This analysis was used to test whether the model produces consistent and reasonable results
and to assess the relative effects of specific parameter inputs on outcome.
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ECOSYSTEM  DIAGNOSIS  AND TREATMENT  MODEL
AS APPLIED  TO SUPPLEMENTATION

GENE-L INTRODUCTION

Ecosystem Diagnosis and Treatment (EDT) Model’ is a tool to assist in the planning of ,
supplementation projects, though its structure provides a way to examine other types of
natural  production improvement measures. It was developed through the Regional Assessment.
of Supplementation Project (RASP), which was an initiative to help coordinate
supplementation planning in the Columbia Basin. The objectives of RASP included the
development of tools to help assess the relative risks and benefits of alternative
supplementation strategies and to help prioritize uncertainties requiring attention. The EDT
model is one tool produced through that work. RASP (1992) summarizes the findings and
products of that coordination initiative and describes an earlier version of the model in Part
IV of that report. A  broader application of those findings and tools to ecosystem planning can
be found in Lichatowich et al..‘(in  press).

This document provides complete and up-to-date documentation for the model and its use.
 Since the publication of RASP (1992), the model has been revised to correct errors that have

been detected and to update certain, components to improve the model’s usefulness. These
revisions have been incorporated here. The model is currently configured to be applied only
to chinook populations that smolt as yearlings (e.g. spring chin&k populations east of the
Cascade Crest). Modifications are required to apply it to fall chinook and steelhead.

This document consists of three parts, not counting this general introduction or ‘the
appendices. Part I gives an updated description of the model  and its application. The purpose
of this part is to provide a general description of the model’s intended application, model
components, and model operation, and to give a simple, yet practical example of applying the
model.

Part II is a user guide for model operation. This part describes how to prepare the Quattro Pro
software for using the model; the model’s menu system, and how to initiate model runs: No
experience with modeling, complex spreadsheets, or spreadsheet macros is’ needed ‘to follow
this guide and run the model.

1 Assessment of relative risks and benefits of supplementation requires, comparison with non-
supplementation methods to meet restoration objectives. The EDT model can be adapted to
examine alternative habitat improvement strategies (Lestelle et al. 1993).

EDT Model / General Intmiuction
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Part III presents the theoretical documentation for the model. Formulas for all but the most
trivial calculations in the model are provided. Since the distribution of RASP (1992), several
requests have been received to provide more detailed documentation than what was given in
that earlier report. We found, however, that these pieces were often linked to others, making it
difficult to document only selected portions. Part III satisfies the need for full documentation.
We recognize that the numerous formulas given here may be intimidating and ‘of little value 
to many model users; they are provided to ensure full accountability for all parts of the
model. We expect that Part III will be of most use to individuals wanting to customize the
model, use portions of it in other modeling tasks, or to better understand a particular set of
computations.

Appendix A provides a sensitivity analysis of a select set of parameters within the model. The
purpose of this analysis was twofold. First, it was used to assess the relative effects of
specific parameter inputs on outcome; this helped us to consider ranges of values that produce
results that might be considered appropriate as management strategies. Secondly, the analysis
enabled us to corroborate model design and how various elements were coded. The analysis
in this sense provides a test of whether the model is producing consistent and reasonable
results.

Working copies of the EDT model can be obtained by contacting Tom Vogel at the
 Bonneville Power Administration (BPA), (503) 230-5201, or from tiPA’s Public Information

Office, l-800-622-4520.

EDT Model / Gene& Intmduction
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ECOSYSTEM DIAGNOSIS  AND TREATMENT  MODEL
AS APPLIED  TO SUPPLEMENTATION

PART I
MODEL DESCRIPTION

1. INTRODUCTION

Part I provides a foundation for understanding the purpose and application of the model, its
 general structure, and its operation. We encourage, individuals interested in running the model

to not move too quickly over the following sections. The section on purpose and application,
especially important to individuals not familiar with modeling, is designed to promote
learning.

The Ecosystem Diagnosis and Treatment (EDT) Model is a spreadsheet model developed with
Quattro Pro version 4.0 for DOS. Modifications to the spreadsheet are required to run it
properly with Quattro Pro for Windows. Versions to be operated through Lotus l-2-3 or Excel
have not been developed.

We developed the model within the spreadsheet environment in the hope that it would be
more widely used than if it had been “hardened” in Basic or Fortran. Our perception is that’
many project biologists are more comfortable -working wi th  spreadsheets than they are with
the standard computer languages. Because the model is meant to be a learning tool, we  
intended it to be highly interactive with the user. Besides being interactive in its operation, it
can be readily modified by knowledgeable spreadsheet users for other applications besides
supplementation planning. One example of this can be-found in Lestelle et al. (1993). In that

case, the model was modified to gain a clearer understanding about the likely nature of
habitat-fish production relationships. That version is being used by management biologists to

-help assess the role of habitat enhancemem  to restoring salmon runs.

2. PURPOSE AND APPLICATION OF MODEL

The EDT model, as currently configured, is a tool to be used in planning supplementation
projects. Its purpose is to enable managers  to consider possible outcomes of supplementation
under different sets of assumptions about the natural production system and the integration of
artificially propagated fish into. that system. The model was designed to help assess
uncertainty and relative risks and benefits of alternative supplementation strategies.

EDT Model / Part I - Model Desctiption  .
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The full- value of using the model will only be obtained within its proper context of the
planning process. We recommend that the model user review the RASP planning process
described in Part III of RASP (1992). A broader application of that process to ecosystem
planning has been described in Lichatowich et al., (in press). Certain aspects of the process
bear emphasis here to help clarify the intended use of the-model.

This planning process was developed to be applied to projects implemented using the
principles of adaptive management (Walters 1986; Lee 1993). The adaptive approach
recognizes that inforniation is almost always incomplete on. which to make resource
management decisions. It therefore treats management decisions as experiments with this
imperative--learn fmn them (Bunnell 1989; Lee 1993). This approach necessitates that
actions, in this case supplementation, utilize an iterative planning approach throughout their
existence, thereby ensuring that new information is systematically considered and incorporated
(RASP 1992). An important purpose of this planning is to identify and manage the critical
uncertainties of the project, i.e., those uncertainties for which the choice of assumption in the ,
supplementation plan can determine success or failure.

The Scientific Review Group (SRG 1991) identified the central uncertainty (or question)
regarding supplementation as:

“Under what set of cokditions  w iI1 supplementation of natural and wild
production with hatchery production add to the total prvduction of salmon,
steelhead, or other targeted fishes- over the long term?”

All of the more specific uncertainties that supplementation projects seek to resolve are related
to that central question. These various uncertainties are essentially the “set of co+itionsF
referred to in the- question posed by the SRG. In other words, what set of credible
assumptions must a project planner make to demonstrate that the project’s objectives are
achievable. These assumptions will necessarily encompass the prop&d tieatment,  i.e., the

. specific supplementation strat?gy selected, and a‘diagnosis ‘about the production problem that
is being addressed. Linking treatment and diagnosis in such manner requires conc&ptualizing
how the stream/population system functions--both in its current and some healthy state. Once
the assumptions associated with these steps are clearly defined, the risks associated with each
can be analyzed. Alternative diagnoses and treatments must also bi: con&de&d.

,

The use of models, like the EDT model, c& serve an important role in identifying-and
analyzing these uncertainties and associated risks (Walters 1986; RASP 1992; Lichatowitih et
al. (in puss)). Modeling within this context is meant to be a catalyst for thinking and helps ‘to
.ensure  acc&mtability  to the planning process. Its primary value in this regard is in facilitating
both planning and learning, not td predict outcome (Bunnell 1989). Walters (1986) aptly
described the purpose of &ch modeling:

EDT Model / Part I -Model Dekiption
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“The value of modeling in fields like biology has not been to make precise
predictions, but mther to provide clear caricatures of nature against which to
test and expand experience. It seems to be a very fundamental human need or
requirement to cons!ruct  such caricatures as a basis for learning....&?  should be
obvious  wlw will benefit most from it: tlrose wlw engage in it di~ctIy.  ‘” j
(emphasis added)

, Hypotheses, rationale, and expectation for a project are clarified and refined’through  a
planning process that incorporates modeling in this way. Refining .expectations, or objectives,
for a project using a model in this manner should not be confused with modeling for ..
predictive’ purposes. Modeling for understanding (Bunnell 1989)’ is used to develop a more

accountable set of objectives, ones that are linked directly to assumptions about the diagnosis
and treatment. This linkage is essentially the rationale for a’project. Without modeling to aid
in such a process, objective setting frequently resorts to wishful thinking or broadly worded
social-political goals.

The assessment of critical uncertainties and associated risks using this process also helps
identify those, elements of the project that must be addressed through the monitoring and

evaluation phases of implementation (RASP 1992);  The extent of risk associated with these
elements provides a way of identifying high priority items for monitoring.

The EDT model was designed to be highly interactive with the user. Once the basic concepts
that comprise the model are grasped, exploring the ,effect of ‘changing various parameters and
inputs c’an be extremely enlightening. The model can be especially useful for examining ~
interactioks  between life stages, effects of population- density, and the role of habitat quantity
and quality characteristics. If the model is used in the same manner as the Systems Planning
Model (NPPC 1989),  i.e., by applying ‘a standardized set of parameter values, its purpose will
be defeated. One conclusion of RASP (1992) is that all stream/population systems are
different; the unique conditions of each need to be assessed in identifying appro$ate
treatments. The process of diagnosis and treatment selection for a ,specific  natural production
system must also consider alternative diagnoses (or hypotheses) and treatments.

3. GENERAL DESCRIPTION OF THE MODEL

The basic structure of the model and its principal components are described below. Due to the
many variables: involved and the model’s complexity, we introduce the basic concepts with an
overview of the model’s general structure to provide some familiarity before giving more
complete descriptions.

EDT Model /Putt I - Model Description
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3 . 1  Overview

The overviewis given in two parts. The first describes the major components of the
conceptual framework, while the second shows how the spreadsheet containing the model is
organized.

3.1.1 Conceptual Framework

The conceptual framework for the model consists of five major components: life history and
demographics, ecological factors, supplementation strategies, genetic and non-genetic survival
yardsticks, and benefits/risks  assessment.* Figure I shows the framework in highly
conceptualized -fashion. These components define the production characteristics by life stage
of the natural unsupplemented population, the specific supplementation strategy to be modeled
and related factors involved in treatment, and potential outcomes of treatment.

The model simulates changes in population abundance over successive generations in response
to different environmental and biological factors that affect survival and to supplementation.
All calculations of production associated with a single brood year are made on a brood year
time step. Although there is provision for annual variation of some survival factors, the model
is deterministic.

The model divides the fish’s life cycle into a number of discreet life stages associated with the
predominant life history pattern of spring chinook east o f  the Cascade Mountains, i.e.,
smoltification is assumed to occur in spring of the second year of life (age I+). Abundance is
tracked in the model from egg deposition through return back to the spawning grounds
through each life stage, incorporating appropriate demographic inputs for fecundity and age
structure.

Survival of fish in each stage is determined by various ecological factors-that-affect density-
independent and, where appropriate, density-dependent mortality. These survival values can be
affected when supplementation fish are introduced into the natural environment. The
ecological factors are defined by stage-specific stock production functions for each life stage
prior to smoltification, a predator response function during smolt migration within the
subbasin, and, if selected by the user, interannual variation in passage and estuarine survival
conditions. Survivals within the Columbia River, estuarine, and marine environments are
assumed to be density-independent.

,

Supplementation strategies are modeled by simulating production responses to outplanting
hatchery propagated fish as one or more of the following: eggs (or spawners), fry , fall parr,
and smolts (Fig. 1). The model allows for the supplementation strategy to be shaped.

2 The presentation of the conceptual framework here is modified somewhat from that in RASP
(1992).

EDT Model /Part 1 - Model Descnption
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according to specific outplanting goals, broodstock policies, spawning escapement policies,
and culture practices. Each of these can determine how supplementation fish affect naturally
produced fish both in the short and long term.

When supplementation fish are introduced in the model, the survivals associated with the
ecological factors previously described are modified by what are called survival yardsticks.
These are factors that adjust the survival of fish in the natural environment in response to ”
reduced performance of hatchery fish compared to a wild fish standard. The term “yardsticks”
implies a range of possible effects of hatchery propagation on survival in the natural
environment. These yardsticks can also affect the survival of the progeny of hatchery fish that
reproduce in the natural environment.

The final element of the framework is the summary of risks and benefits that is produced by
the model (Fig. 1). Output summaries are provided for a convenient comparison of population
abundance, composition of the population by genetic type, reproductive success, ‘and harvest
levels. ,

I
3.1.2 Organization of Snreadsheet

The Quattro Pro spreadsheet that contains the model is organized as shown in Figure 2. It is’
not necessary to understand this layout to operate the model using the menu system.
Individuals wanting to understand more about the workings of the model, or to .customize  it,
will need to understand the layout.

3.2 Model  Componenti
.

A detailed diagram of the model’s structure, showing variables affecting mortality and
introductions of supplementation fish, is given in Figure 3. The model simulates.how a
population responds quantitatively and qualitatively to supplementation by tracking different
genetic types of fish (described below)

stepwise through each of the, life stages shown Beginning with an initial run size to the
subbasin, computations of survivors or their progeny are made- at each stage. Part III of this
document provides the detailed theoretical documentation of each computational step in the
model.

3.2.1 Life Historv and Demoaranhics

The model assumes that all natural produced fish exhibit the same‘life -history ‘pattern in.
freshwater (Fig. 3). Therefore, freshwater stock-production parameters are assumed to be
uniform for the entire population within each life stage, except as noted for how the

EDT Model i Part I - Model Description
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yardsticks affect survival.3  All fish, both natural and hatchery produced, are assumed to
emigrate seaward as smolts at age l+.

Basic demographic characteristics of the natural and hatchery fish populations for fecundity
and maturity schedules are incorporated at the appropriate life history stage (Fig. 3). Age-
specific fecundities are input for both natural and ‘hatchery fish. Maturity schedules, i.e., the
schedules that determine when fish mature and depart the ocean, are calculated within the

model based on inputs of steady state age composition of the spawner population. These
schedules are calculated for males and females separately- and remain fixed for a model. run.
We recognize, however, that maturation has a genetic component ‘which can be altered
through fisheries (Picker 1981) and hatchery practices (papers cited in Steward and Bjornn
1990). A mechanism for heritability of maturation rate could be added to the model if _
warranted, as done in Larkin and Hourston  (1964).

The model assumes random mating of hatchery and wild fish in nature. The number of
zygotes of each genetic type (see below) is determined simply by the proportion of the types
present at time of spawning.

3.2.2 Ecolo&xl  Factors

Ecological factors in the model determine how the simulated population responds to different
types of environmental and biological conditions. These factors are related to habitat quantity
and quality, the abundance and feeding behavior of predators, flow regimes in the Columbia
River during outmigration, and interannual variability in estuarine/marine  survival.

We strongly encourage individuals interested in using the model to closely review the
concepts associated with these factors. We especially consider the following section on stock-
production relationships to be important in operating.the model consistent with its purpose
and application (see Section 1.1).

3.2.2.1 Stage-Snecific  Stock-Production Relationshins. Understanding how stock-production
relationships operate in the model is a key to formulating hypotheses about the condition of
the stream/population system and the potential outcomes of supplementation. Once these
simple concepts are grasped, the model can be a powerful tool in considering how the natural
production system is operating. Gaining such insight may be the most important step in
diagnosing the nature of the production problem and identifying an appropriate treatment.

3 As noted in Section 4.5 (Special Applications), the model has been modified to model several
subpopulations simultaneously for one subbasin. These subpopulations can have different
stage-specific stock-production characteristics. The subpopulations can be modeled to interact
at certain life stages.

EDT Model / Part  I - Model Description
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The model assumes that the underlying relationship between spawner stock size and resultant
production in nature can be represented by simple stock-production (S-P) relationships. In
real&, factors affecting production are more complex than can be reflected in these simple
functions; still, they can provide valuable insights into the mechanisms that likely affect
population abundance (Hilbom and Walters 1992; LGtelle  et al. 1993). ‘We have found that
the disaggregation approach (described below) to using S-P functions provides an effective
framework for thinking about the processes that regulate population abundance.

We assume that the underlying S-P relationship for spring chinook populations in the
Columbia Basin follows the Beverton-Holt form (Fig. 4), which is consistent with the Systeds
Planning Model (NPPC 1989) and Bjomn (1990). It is important to understand how the shape
of the relationship in Figure 4 is determined.

The Beverton-Holt relationship is described by two parameters (see Equation B-l in Appendix
B). Each of these can be thought of-in ecological terms. One of the parameters defines the
operation of mechanisms that affect density-independent survival, i.e., the survival component
not affected by population density. Even when population density is l&h, there is still a
compo,nent  of survival not affected by that density. This parameter defines the productivity
(Hilbom  and Walters 1992) of.the stream/population system, and it. characterizes total s+val
when the population is at\very low density. In the Systems Planning  Model, this parameter is
the S, value (NPPC 1989).

The productivity parameter determines a population’s resilience to many mortality pressures,
such as caused by certain forms of land use practices, passage problems at dams, and fishing.
The environmental characteristic that affects productivity is h‘abitat  quality ‘(Moussalli  and
Hilbom 1986). Habitat  quality is .refle&ed  by spawning gravel composition (amount  of/fine )
sediment), substrate stability, and the distribution and comple*ty of colonization, rearing, and
overtintering  habitat. A decline in productivity associated with habitat deterioration has likely
be& a major contributor to the sharp decline of tiany salmonid  populations in recent decades.
Hankin  and Healey (1986), in considering
the prospects for future declines of chinook populations, urged that more attention be given to
diagnosing productivity for populations,of  concern. Biologists using the EDT model in the’
Columbia Basin should not simply adopt the productivity parameter (S,) used in the Systems ’
qlanning  Model.

The second parameter that defines the Beverton-Holt relationship specifies the level of the
asymptote in Fig. 4. It defines carrying capacity and determines the amount of production at
very large spawning escapements. The capacity pa&n&er determines the ‘action of density-
dependent mechanisms working on the popu!ation. This parameter is affected to a large extent
by habitat quantity, though certain quality aspects like temperature cari influence this.

EDT Model /Part I -Model Demiption
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The Beverton-Holt relationship can be easily disaggregated into separate life-stage specific
functions (Moussalli and Hilbom 1986; Hilbom and Walters 1992). Each function takes the
form of a Beverton-Holt equation, though the S-P relationship for a specific stage may
linear if an immense quantity of habitat exists for that stage. For‘a given spawning

appear

escapement, the same number of recruits is computed using the aggregated S-P equation as is
calculated by progressing through a series of disaggregated S-P functions for intermediate life
stages. Appendix B describes in simplified fashion the terms of the disaggregated stock-
production relatibnship. It is especially important to note that the productivities of each stage
are multiplicative.

This disaggregation approach provides a powerful way to consider the unique features of a
stream by life stage and the interactions that occur between stages in regulating population
abundance. Moreover, it provides a means of deriving stage-specific capacities and
productivities for modeling. We have found these concepts useful in attempting to diagnose
the conditions of a stream/population system. Different assumptions about the relative
amounts of incubation, summer rearing, or winter capacities can be evaluated. Since
supplementation can occur at different life stages, this procedure of disaggregation is also
needed to evaluate interactions between natural and supplementation fish at appropriate times
in their freshwater life.history.

This modeling approach requires that the model user have empirical information on habitat
quantities by life stage for the subbasin of interest or make assumptions about their relative
values. When stage-specific capacities are based on assumptions, the model can be used to
test the relative effect of uncertainty in those assumptions on supplementation outcome. This
approach also provides a convenient framework to link habitat characteristics, either quantity
or quality, to the stock-production parameters. This technique can be used to consider the ‘-
effects of enhancing habitat during specific seasons or to examine the effects of habitat
deterioration. See Lestelle et al. (1993) for a more detailed description of how this can be
done.

3:2.2.2  Prev-Predator Relationship. The model allows for different assumptions to be made
about the effect of predators on the modeled population during smolt migration within the
subbasin. One ,of three different assumptions is required to be made. The first is that predators
prey on migrant smolts at a constant rate with no provision for predator satiation, regardless
of smolt density (Fig. 5A). Holljng (1959) described the predator response in this case as ,a
Type I functional response. Much of the modeling in the Columbia River uses this approach.
The second and third possible assumptions are that. the rate of predation is dependent on the

i

density of migrants (prey). These assume either a Type II or Type III functional response by
predators (Figs. 5B and 5C), as described by Holling (1959). A severe Type II response leads
to extinction of the prey ,population at low densities, while a severe Type III response would
tend to produce multiple stability domains (Peterman 1977 and 1987). Mace (1983),  Wood
(1984), and Fresh and Schroder  (1987) provide evidence for Type II and Type III functional
responses by either birds or fish to juvenile salmon populations. Peterman  (1987) argues that
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the Type II or III responses are likely more prevalent in nature than Type I. The techniques ’
used to model the two predator responses were described by Peterman  (1977) for Type III and
by Hilbom and Walters (1992) for Type II.

3.2.2.3 Variable Passage and Eftuarine  Survival Conditions. The model incorporates two’
sources of environmental variation in a manner similar to the Systems Planning Model (NPPC
1989). First, survival during downstream passage through the Snake and Columbia mainstems
can’ be varied in the EDT model using the same survival-flow relationship employed in the
Systems Planning Model. A 50-year  runoff record (1929-l 978) was used to generate a set of
passage survivals to below Bonneville Dam, assuming flows were regulated for-the entire
period under “current operations.” ,The  model currently estimates passage survival past four
or eight dams (or none, if this feature is, turned off); additional data sets can be generated as

‘needed. The 50-year survival record was converted to six different survival files; three that
maintain the same sequence of years but vary the start year, and three that apply a random r
selection of survivals.

The second source of variation is meant to encompass all other influences of environmental
variation on survival, but is expressed through variable survival in the estuarine life stage. The
annual values are computed using a log-normal function.

3.2.3 Supulementation  Strategies

The model was designed to examine a wide range of different supplementation strategies.
RASP (1992) described a question&e that was distributed to help identify the types of
supplementation strategies in the Columbia Basin and to characterize recipient stocks and
streams for planned and ongoing supplementation projects. The questionnaire (SUPQUEST)
covered eight general categories: project duration, targeted life stage, broodstock strategies,
mating procedures, incubation strategies, rearing 1 strategies, release strategies, and quality-
control strategies. Information obtained through the survey was used in designing the model
to cover the types of policies and strategies being employed to implement.supplementation  in
the basin. The information was also used to develop yardsticks for incorporating the effects of ’
hatchery propagation on survival in nature.

Supplementation strategy can be defmed in the model on the basis of life stage to be
supplemented, treatment duration, numeric release goals, broodstock  source, a broodstock
collection policy (e.g., maximum percent of natural run that can be taken as broodstock and
minimum percent of broodstock to consist of natural fish), an escapement management policy
to specify the m,aximum  percent of natural spawners that can consist of hatchery fish, &id a
hatchery culture method (Fig. 3). Each of these can affect the potential outcome of a
supplementation treatment, either in positive or negative ways.

/

The model allows the user to assess the effe,cts of a wide range of hatchery fish performances
on outcome. The performance of hatchery fish can affect their survival and reproductive
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success, as well as that of co-existing naturally produced fish and those produced in
subsequent generations. For example, the time of release can have important consequences,
particularly when the life stage released precedes or coincides with the stage when habitat is
most limiting to smolt production (RASP 1992; Lestelle et al. 1993).

The type of fish culture method refers to whether conventional or innovative hatchery
practices are to be employed. Conventional hatchery practices refer to those that are typically
used in the region. Innovative practices refer to the use of new approaches, to propagate fish
to reduce genetic, behavioral, and physiological changes beiieved to’occur  to fish with
conventional practices (RASP 1992). Hatchery propagated fish have been found to survive at
higher rates and behave more like wild fish when such innovative practices have been applied
to experimental groups (Desmond Maynard, National Marine Fisheries Service, Manchester,
Washington; personal communications).

3.2.4 Genetic and Non-Genetic Survival Yardsticks

Hatchery propagated fish typically survive at lower rates than their wild counterparts. The
effects of hatchery practices on fish genetics, physiology; and behavior are incorporated into
the mode1 through factors, or yardsticks, that affect survival and reproductive success. The
EDT model uses the yardsticks to estimate effects of these changes on the supplemented
population, as can be inferred from literature (e.g., see Steward and Bjornn 1990),  though the
exact nature and extent of such effects are not currently well understood. The term “yardstick”
implies a range of possible effects.

The default values in the model for the yardsticks were obtained either from consultation with
experts or as a result of discussions among the members of RASP (RASP 1992). The mode1
can be used to explore the effect of uncertainty in these yardsticks. It can also help assess the,
needed level of performance by supplementation fish to achieve success by the project.

3.2.4.1 Genetic Yardsticks. Genetic yardsticks are intended to represent possible’ adverse
effects of supplementation on genetic fitnes~.~  Such’changes  may result ‘in reduced stock
productivity with significant implications to potential risks and benefits of supplementation.
Genetic fitness in the model can vary for four basic types of fish .that are tracked .through
each life stage and in successive generations (Fig. 3; Table 1). A fish is assigned to a type
based on its parental history (hatchery or wild) &id a genetic recovery scenario.

4 RASP (1992) recognized that the term “fitness” has a restricted definition when used in a
genetic sense; for example, Falconer  (1970) stated: “The proportionate contribution of
offspring to the next generation is called fitness of the individual.” However,‘the  term fitness
has a wide variety of applied meanings, Use of the term “fitness” by RASP refers to the long-
term, phenotypic ‘performance and not the more  restrictive genetic definition.’
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Table 1. Description of general fish types tracked in the EDT model.

/
. .

/

*T, takes on a different definition in Scenario I, II, and III (see Fig. 6).

Genetic recovery scenari& were developed by RASP (1992) to address the question: How
rapidly does the hatchery influence on fitness diminish with successive generations of natural
spawning? Due to a lack of information on this subject, RASP developed three scenarios
based on different assumptions regarding the rate of recovery of fitness in the progeny of
hatchery fish (Fig. 6). Scenario I assumes that progeny  of fish one generation removed from
the hatchery (Type TJ attain the fitness of wild fish not yet affected by hatchery practices
(Type T,). Scenario II assumes that hatchery fish and their progeny never attain the fitness of
wild fish. Scenario III is intermediate and assumes that the naturally produced progeny of a
hatchery X wild cross (Type, T,) that subsequently mate with wild fish attain the fitness of
wild fish (Type T,). Wild fish not impacted by hatchery practices are ,always  given a fitness
of 1.0 (referred to as the wild fish standard in this document).

RASP (1992) received input from two geneticists in estimating fitness in the natural
environment for salmon subjected to six categories- of hatchery practices (Fig. 7; Table 2).
The values were provided by Dr. Craig Busack of the Washington State Depar&ent of
Fisheries and reviewed by Dr. Graham Gall ofthe University bf California’ The six
categories of treatment were formulated to represent three possibilities for broodstock source
and the two types of culture practices described above, i.e., conventional and innovative
culture. The three options for broodstock source &e to use local, adjacent, or distant stock,
with distance representing genetic distance, i.e., degree of genetic similaiity.

The fitness values in Table 2 are multiplicative; thus a first generation hatchery fish (TJ
produced using conventional practices whose parents-came from local broodsfock is given 3

fitness of 0.59 (Table 3). The values given in Tables 2 and 3 were intended by Dr. Busack to

Dr. Busack (personal communicdions) has since concluded that the fitness estimate for
conventional culture of 0.7 is likely too low and has suggested that some .&termed&e  value
between 0.7 and 1.0 mziy  be more appropriate.
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Table 2. Changes in fitness of hatchery  fish exposed to different bmodstock  selection
and cultulre  pxacti’ces. Fitness is relative  to a wild s&ndatd  of 1.0 and fitness

facton ate multiplicative.

Domestication effects

Broodstock obtained from: ”

Culture regime

* No loss of fitness.
** Value believed to be too low (C. Busack, Washington State Department of Fisheries

personal cohzm unications)

Table 3. Fitness estimates &ed in the ,spneadsheet  model for thlrce  fish
~types, three blcoodstock  types, and two meting  egimes.

Conventional
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be representative of fish raised in the hatchery to the smolt stage. It was assumed in designing
the.EDT  model that genetic changes are less for fish held in the hatchery for shorter periods
than to the smolt stage. As a result, the model also tracks the abundance of several sub-types
of T, fish, with fitness being affected by their life stage of release.

The genetic fitness yardsticks are used in the model to modify survival (or reproductive
success) between life stages. Hence if a hatchery practice reduces fitness by half, the
cumulative, natural survival betvireen  life stages will be reduced by half.

324.2 Non-Genetic Yardsticks. Non-genetic yardsticks represent possible adverse effects of
behavioral and physiological changes caused by hatchery practices not associated-with genetic
change. Behavioral modification, for example, imparted by the hatchery experience may cause
part of the differential in survival between hatchery and wild fish. Lack of exposure to
predators may produce behavior that makes hatchery fish more vulnerable to predation when
released into the natural environment.

The model computes the values assigned to these yardsticks by simply calculating the residual
effect between the total difference between wild and hatchery survival (an input value) and
the amount associated with the genetic yardsticks.

3.2.5 Summatv  of Risks and Benefits and Related Analvsis

‘The model estimates the benefits of supplementation as increased production and productivity
of the combined natural and hatchery stock. Risk is measured as reduced production and
productivity in the naturally spawned population and in the supplemented reach or in adjacent,
nontarget reaches. Model outputs permit the evaluation of the genetic-risks described by i
B u s a c k  ( 1 9 9 0 ) .

,.

4. MODEL IMPLEMEkTA’IION

4.1 Model Setup and Injtiation

The model is accessed from within Quattro Pro by retrieving the desired spreadsheet file
containing the model. Upon retrieval, the menu system that operates the model is
automatically initiated. The user can then perform all setup procedures, run the model,
retrieve output, and save files entirely from within this menu system.

The user steps‘through a series of.menus to enter all relevant parameter values into the
spreadsheet in preparing to run the model. Each input represents an assumption that is being
made about the condition of the stream/population production system, mainstem passage and
natural marine survivals, harvest rates, and the characteristics and performance of
supplementation fish. Some of the parameter values to be specified are smolt carrying
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capacity, ratios of stage-specific juvenile capacities that define habitat limitations, fecundities,
initial age composition of the spawner population; survivals between life stages, predator
response characteristics in the subbasin during smolt migration, homing fidelity, and harvest

rates (Fig. 3).

If modeling is to facilitate a better understanding of how the stream/population system may be
functioning, it is imperative to attempt to conceptualize how the parameter values relate to
one another. All sources of information should be drawn on ‘in setting these values in the
model: Initial values for many of these to begin the modeling process can be obtained from
the subbasin specific data files used-for the Systems Planning Model (NPPC ‘1989). The user
should examine the effect of altering these values, being willing to make assumptions on the
basis of what seems intuitively correct. Beyond that,.the user may need to make assumptions
about what seems intuitively correct. For example, if the S, value from the Systems Planning
Model is used as a starting point, its disaggregation into the separate life stages would suggest
values associated with relatively‘high  quality habitat (due to how the S, value was estimated).
However, if it is- known that the quality of spawning environment in the subbasin of interest
has been severely degraded, then it could be safely assumed that the egg-fry survival value -
has been reduced accordingly. As suggested in the modeling example, the parameter values
should be adjusted until the population exhibits a time series pattern that reflects what is
known or assumed about the real population, i.e., increasing, stable, or declining. In a sense,
parameter adjustment in this manner is a type of calibration.

The supplementation treatment to be ‘modeled- for each run is specified by the user by defining
numeric release goals for each life stage to be released, the duration in years for the action, a
broodstock source, a broodstock policy, the culture regime, and an natural spawning
escapement policy for supplementation fish (Fig. 3).

Once all setup procedures are completed, the user can initiate-the model run. Upon giving this
command, the user is given final opportunity to review some of the conditions that were
previously specified, which are displayed to a control screen. The user then specifies a unique
run number for the model run being initiated, sets the number of years to be modeled
(maximum of 150), and selects the genetic recovery scenario being assumed, prompting the
computational procedure to begin.

4.2 Model Output

After all computations are completed by the  model, the user is returned to the menu system
for selecting, output options. If desired, the user can display a series of graphs to the screen
whereby time series data and stock-production plots can be reviewed for the completed model
run. Output in graphic or tabular form. can then be saved to file or printed.-
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4.3 Batch Mode

The model can be operated in batch mode to perform a series of model runs without
interruption. Hundreds  of runs can be made consecutively in this manner. Several hundred
model runs can be made overnight by using this feature.

Operating in batch mode is particularly useful for performing,sens$ivity  analyses on ranges of
values for individual parameters or various combinations of parameter values (as done in
Appendix A). This enables the user to more efficiently  explore the effect of uncertainty in
various parameters and conditions on outcome. Such a. process of modeling and analyzing
outcome/can be of great value in developing ‘alternative -hypotheses about the diagnosis of the
stream/population system and treatment effects. This can fa;Cilitate the identification of those
conditions (or assumptions) under which specific supplementation strategies might achieve the
project’s objectives (see Section 1.1).

~ The user is required to become familiar with manipulating the spreadsheet that contains the
model and output summaries to utilize this option most effectively. The tasks of doing such
manipulations are not difficult, however, and are easily mastered. T h e  benefits of using the
EDT model will be enhanced significantly by those that use these techniques. .

4.4 Special Applications

The EDT model can be modified from its current configuration to consider differences in
production characteristics between sub-populations within a subbasin and interactions’ of those
sub-populations. One way that this has been done has been to remove the macro comma&
and to simply create very large spreadsheets that allow for different inputs for each sub-
population and interactions at certain life stages. This T done for the Yakima subbasin
using three subpopulations,. each having different habitat characteristics, fecundities,  and
maturity rates. In that case, only one  sub-population was being supplemented It was
important to model the three sub-populations together because a Type III predator response is ,
assumed to be operating in the lower Yakima subbasin  during smolt migration. Therefore,
mortality rate due to predation during smolt migration would be affected by the total number
of smolts present.

Similar modifications to the model can be made to examine other questions related t o
population structure. ‘Questions involving habitat connectivity and life history diversity would
require such modifications.
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5. MODELING EXAMPLE

We present a simple modeling example in this section to illustrate how the model can be used
and the type of output that is generated. Other examples with more complexity associated
‘with them were presented in ‘RASP (1992). The simplified example given here illustrates how
results can vary according to diagnosis and treatment design. Our example is for a
hypothetical spring chinook population produced in a subbasin located above eight dams in
the Columbia Basin. Only a very limited presentation of the results is given here for the sake
of illustration; a full analysis of risks and benefits would require a much greater examination
of results.

 5.1 Hypothetical Diagnosis -and Treatment Selection

The relative health of spring chinook populations in the Columbia Basin varies between
subbasins (Reisenbichler 1990; Petrosky and Schaller 1992; Lichatowich et al. 1993). This
variation can be at least partly attributed to differences in productivities between populations
(Reisenbichler 1990). Differences in productivities are likely related to the quality of habitat
in each subbasin (Cramer and Neeley 1993; Lichatowich et al. 1993).

In our example, we consider three alternative diagnoses,, or states of nature, referred to as A,
B, and C. These reflect uncertainty in being able to recognize the current trend (over some
time period) of spawner abundance in the subbasin. The three diagnoses are associated with
gradually increasing, stable, or gradually decreasing abundance. For’our example, we conclude
that diagnosis C is most correct, and following the planning process outlined in Part III of
RASP (1992)(see  Section 1.1 of this document), a supplementation strategy is selected as
being appropriate. There is, therefore, unertainty in both the diagnosis and the
appropriateness of the treatment strategy.

We assume that it is strongly evident that habitat carrying capacity within the subbasin is
generally not being achieved. Hence the uncertainty in the diagnosis revolves mainly around
the existing estimate of productivity for all life stages combined. In this case, we assume that
there is evidence that the principal difference in productivity of this population compared to
another more healthy population exists within the incubation environment; survival conditions
appear comparable in all other life stages. The three alternative diagnoses are described in
Table 4; the only difference between each is attributed to the productivity of the first life
stage, i.e., density-independent survival from egg deposition to fry emergence. Trend lines in
production associated with each diagnosis differ accordingly (Figs. 8-10A and B). We
purposely made the differences in egg to fry productivity slight. Diagnosis C would be
associated with poorer conditions for egg incubation, as might be caused by sedimentation
from road building,, logging, grazing, mining, or other natural conditions. The values in Table
4 represent plausible sets of ‘assumptions for the population.
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Table 4. Parameter  vale! assohted With three hmative diagnoses of a hypothetical
spring chinook poprllation  in one sul#a$n.of the Columbia River.

D i a g n o s i s :

Population trend

Egg - fry survival

A

increasing

0 . 4 5

B

stable

0 . 4 2

c -

decreasing

0.39 .
-

Elements common to each diaanosis:

Smolt carrying capacity -2,ooo,ooo

$9~ - parr survival 0.56

Parr - smolt survival 0 . 5 6

Smolt - smolt survival

Downstream passage survival

0.90 (a&me Type I response)

0 . 3 0

Estuarine survival 0 . 1 5

Ocean survival

Ocean harvest rate

0.5, 0.6, 0.7. 0.8 for ocean ages l-4

'0.05

Columbia River harvest rate 0.0;

Homing fidelity

.Terminal  harvest rate

0.97

0.02

Prespawning .survival

Fecundity

Initial subbasin returns

0.80 .

a g e - s p e c i f i c

500 males, 500 females
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Two supplementation strategies were applied, differing only in whether hatchery fish were ’
produced using conventional or innvotative  culture practices (Table 5). Suppjementatidn  fish ’
were outplanted’ as smolts. The numeric release goal was set at 500,000 &ohs,  though this
tias often not achieved because of constraints imposed by the broods&k coIlection,policy
(Table 5). Wild fish of local stock were’used exclusively for broodstock, i.e., no first , 3
generation hatchery produced fish were used.

We assumed.that hatchery smolts produced using conventional c&ure.techniques  survived at
‘25% of the rate of wild T,, fish. We then assumed that &ova&e hatihery  practices co&d
effectively double survival, compared to conventional practices, so that fish produced with
innovative practices survived at 50% of the rate of wild fish, We also assumed that genetic
recovery scenario 3 characterized the recovery of fitness in the naturally produced’ population.

Tat& 5. Description of two .@mative supplementation s&tegies  applied e a
hypothetical spdng chinook population.

Conventidnal culture practices (relative survival o f  hatchery fish = 0.250

Elements common to each:

Life stage of release

Numeric release goal

Broodstock source

smolt

500,000 .I
local

Maximum % natural fish in broodstock 100%

Maximum % used of natural run for broodstock 50%

Maximum % used of total‘ run for broodstock 50%

Maximum % T, fish allowed in natural escapement 50%

Minimum wild males allowed in natural escapement

Minimum wild females allowed in. natural escapement

Recoverv scenario assumed
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5.2 Modeling Results

All model runs were made for 50 years and were made without varying downstream passage
or estuarine survivals. Running the model in this ,manner is a way of looking at how the
population could be expected ‘to respand  to the treatment under average conditions and how
production trends might be affected.

The results suggest that supplementation with conventional culture would pose considerable
risk to the hypothetical population with any of the three diagnoses (Figs. 8-10). Serious
declines in natural smolt yield and spawning .escapements could occur with this
supplementation strategy, particularly with diagnoses B and C. Adverse effects would be
mainly due to what is sometimes referred to as “broodstock mining.” Spawners removed from
the natural spawning population for broodstock purposes would produce fewer progeny
returning to the natural spawning grounds than those that reproduce naturally. Only in the
case of diagnosis A would the number of fish that continue to spawn naturally come close to
the unsupplemented situation.’ Production trends would be radically altered for the worse
under diagnoses B and C with conventional culture practices in place.

Supplementation with innovative culture would produce substantial increases in production
during the period of treatment for all three diagnoses. In this case, increased survivals within
the hatchery environment during the egg to smolt stages would more than offset the survival
differential between wild.snd hatchery fish during post-release stages. The effect would be an
increase in productivity for the integrated wild-hatchery population compared to the wild .-
population in the absence of supplementation.

It should be noted that the results do not show how the effects of supplementation could
persist after terminating the treatment. The model can be used to examine ,changes  in fitness
and reproductive success of the natural population after stopping supplementation.

The example illustrates that results can vary markedly depending on the set of assumptions
that are made ,about the natural production system and the treatment strategy. The model does
not predict outcome. Too little is currently known about supplementation to predict its result
(RASP 1992; Lee 1993).

The EDT model provides, however, a way to help identify a set of assumptions that, if valid,
will minimize risks and provide the desired benefits. In the example shown,, the model would
help identify. the level of performance needed by hatchery fish to achieve the project’s
objectives. Once these critical assumptions are identified, the project biologist must be
prepared to analyze each one. How likely is each of these assumptions? What is the evidence
in support of and against each one? How do risks and benefits compare between alternative
sets of assumptions? Which assumptions, that if invalid, pose the greatest risk of failing to
achieve the assumption? The ,user should refer to RASP (1992) for a discussion on addressing
such uncertainties.
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ECOSYSTEM DIAGNOSIS AND TREATMENT  MODEL
AS APPLIitD  TO SUPPLEMENTATION

PART  II
USER GUIDE

1. INTRODUCTION

The EDT model is operated through Quattro Pro using a system of customized menus. The
user can perform all basic setup procedures, run the model, retrieve output, and save files

entirely from within this menu system. The User Guide describes this menu system and the
various operational options available. Operating the model is quite simple, however, and the
guide will not be needed after only a relatively small amount of experience is gained in
running it,

Certain model applications will require pefforming some tasks outside of the menu system.
These items are discussed in Section 4.8.

2. PREPARING SOFTWARE AND FILE DISKS

The model was developed within Quattro Pro version 4.0 for DOS. The many macros that are
used to operate the model will not perform exactly as intended with Quattro Pro for
Windows. Modifications are required to operate the model using’ the Windows version of
Quattro Pro. It should be noted, however, that the model would run substantially slower under
Windows. We also recommend that the model not be run within the Windows environment
even though Quattro Pro for DOS is being used., Quattro Pro for DOS can be used within the
Windows environment if desired, but model computations in the model will be slowed if this
option is used. Therefore, if you normally use Quattro Pro for DOS under Windows, exit
Windows and return to the DOS prompt before loading Quattro Pro. This will improve

, efficiency of modeling exercises.

The model requires at least three megabytes of R A M  though even larger amounts of RAM
would increase modeling efficiency. Processing’time is enhanced significantly with an 80386
and coprocessor or 80486 system.

The model is contained in the spreadsheet file EDTM30.WQl.  An auxiliary file,
EDTMXTR3.WQ1,  is also required to run the model. The diskette that contains these files
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also holds other auxiliary files that are .used to introduce variation. The variation files are
provided to aid in learning how the model can be used and not necessarily for analyzing .
actions on specific streams. Users interested in modeling variation will likely need to produce
their own files more applicable to their specific situations: All of these files should be placed
in the same work subdirectory. I-d& tie: Set the default subdirectory to correspond to
where these files ,are placed. This is done easily by using the command /OSD (FORWARD-,
SLASH, OPTIONS, STARTUP, DIRECTORY). This can be done when you enter Quattro
Pro. The model will not work properly unless the default directory is correctly set.

On-screen displays will be easiest to read if WYSIWYG is turned off (use the command /OD,
then set the display to 80x25). Also, the default color schemes for Quattro Pro 4.0 and 5.0 are
very difficult to,~read  once WYSIWYG is switched off. Therefore, change the color scheme tb
the default for Quattro Pro version 3.0. Do this using the command /OCPV (PORWARD-
SLASH, OPTIONS, COLOR PALETTES,,,VERSION  3 COLOR). This will produce -a blue
background, instead of black, among many other color changes. Once these changes are made,
press UPDATE under OPTIONS to avoid having to repeat them when initiating the next work
session.

Individuals who have not run large ‘spreadsheets on their computers may need to first set the
Expanded Memory option under OPTIONS to BOTH (the alternative is to set this to
SPREADSHEETS). The. former option allows larger spreadsheets to be run with a given
amount of RAM. Do this using the commend /OOEB (FORWARD-SLASH, OPTIQNS,
OTHER EXPANDED MEMORY, BOTH). 1*tia ride: After specifying this option, exit
Quattro Pro, then reload it. This’ action is .necessary to change how the software utilizes
available memory. This step is only required once (i.e., not every time Quattro Pro is loaded),
unless the SPREADSHEET option is subsequently selected. Also, newcomers to Quattro Pro
should be aware that this spreadsheet software operates with expanded memory and not
extended memory. The %ONPIG.SYS file may need to be altered to manage available
extended memory as if it were expanded (see your DOS manual, or better yet, talk to
somebody who knows how to make’ the needed change). \

3. INJTIATING  A WORK SESSION AND T&E MODEL &NU SYSTEM .

The model is accessed by retrieving the appropriate spreadsheet tile from within the Quattro
Pro’environment (this will be the file EDTM3O.WQ1, unless the file has been updated and’
saved under a different name). Upon retrieval, the spreadsheet containing the model
automatically activates the model’s Main Menu. If for some reason this does not occur ‘when
opening the spreadsheet, the user can do so by pressing ALT-Q (hold the ALT button down
while simultaneously pressing Q).

The model is operated entirely through menus, used in model setup and parameter
specification, creation of input files (excluding variation tiles), running the model, obtaining
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output, and saving files. Most of these menus will be illustrated in this manual. When
operating within the model, a short description of each menu item is displayed at the bottom
of the screen when the cursor is placed on it.

The Main Menu identifies the major options that can b.e used during a modeling session:

MAINMENW
, 5

DRAINAGE/STOCk

TREATMENT,

VARIATION

PREDATOR EFFECTS

G o

OUTPUT

SAVE

BATCH. MODE

The first two options, DRAINAGE/STOCK  and TREATMENTS  are used to define the
existing characteristics of the -population/stream production system and the supplementation ‘.
treatment to be applied, respectively. VARIATION is- used to attach input files that annually
vary downstream. passage survival within the Columbia River or estuarine survival. ,.
PREDATOR EFFECIS  is used to specify the type of predator response function during smelt
migration within the subbasin..GO prompts the model to begin processing a specific model
run. OUTPUT enables the user to obtain, various kinds of output. SAVE is used to save file
specific sections of input or output, or the entire current ‘spreadsheet file as configured.
BATCH MODE enables the user to initiate a batch job, whereby more than one model run is
made without interruption. QUIT ends the work session, leaving ,the spreadsheet open but the
model and menu system deactivated. Press ALT-Q to reactivate the menu system. I

;
N O T E : If during a work session, any command fails to. initiate properly, or you wish to

abort a specific command path with seemingly no menu options available, press
CIRLBREAK  (hold the m key, do%t ivhile  simultaneously pressing
BREAK). A beep will sound and an error message will be ,given.  Press @SC to
turn off the error message, leaving you within the spreadsheet with the model ,,
and menu ‘system deactivated. Press ALT-Q to reactivate the menu system.

\
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4. OPERATING ‘l’ht MODEL

,

Each of the functions performed through the Main Menu are described in the sections that
follow. Each Main Menu option is described in the order that it appears within the menu.

4.1 Dtainage/Stock

Selection of DRAINAGE/STOCK enables the user to define the characteristics  of the
subbasin and fish stock to be modeled. When selected, another menu is given: : .

I

DRAINAG~STOCK

5

The user can specify an input file, if one has already been created and saved, modify
characteristics (parameters) of a subbasin/stock  already specified, or can build an input
parameter set for a new subbasin/stock. Once created the ,input  parameter set is saved to file
through SAVE in the Main Menu. If a new parameter input set is being built, the user is
asked to first:

‘!ENTER  THE .NAME OF THE RlIVm To MODEL?

(a maximum of nine letters or characters are allowed, including spaces) Ad,

“ENTER A UNIQUE ‘IWO-LEITER CODE FOR THE SUBBASIN:”

The user may want to use the, two letter codes for Columbia River subbasins as specified
within the Systems Planning Model (SPM) (NPPC 1989).

,
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The user is then given another menu for specifying parameter and variable values:

DRAINiGEISTOCIi
PARAMmERsEmPn4FNu

HABITAT CAPACITIES

STAGE SURVIVAL

F-ECUNDITY

AGE/SEX

CATCH lUTES@OLICY

,
..

4. I. 1 Habitat Canacities . .

Selection of this item takes the user to an input screen to enter,  estimates of smolt carrying
capacity, and tvvo ratios that define seasonal habitat limitations, as .follows:

(1)

(2)

(3)

Smelt canying capacity - This is the estimated smolt capacity of the. subbasin
just prior to smolt outmigration. This value might be obtained from existing
studies within the drainage, from the SPM, or through application of literature
values of smolt‘density. The value can’be traried to examine the effect of:
uncertainty in this parameter. .

Incubation capacityhmolt xanyiug capacity - This is the ratio of egg or alevin
capacity to the smolt carrying capacity. This input specifk  the relative
limitation imposed by the amount of spawning habitat on smolt carrying
capacity. Any value can be input; values of 500, 10 and 0.2 indicate no

‘.
spawning habitat limitation, moderate limitatron  a&strong  limitation,
respectively. If no subbkin specific data. are available, then the- user must
employ best judgement. The value is varied to examine the effect bf ‘\_.
uncertainty in this parmeter.

.Winter capacityhbmmer capacity - This is the ratio of winter pi-e-smolt
capacity to summer parr capacity. This in@t specifies the relative amount of
production limitation imposed by the amount of overwintering habitat compared
to summer rearing habitat. Any value can be input; values of 2.0, 1.0 and 0.2
indicate strong summer limitations; roughly balanced  limitations, tid strong
whiter  limitations, respectively. If no subbasin specific data are @lable,  then
the user must employ ‘best judgement. The value is ‘varied to examine the effect
of uncertainty in this parameter.

.
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These parameters are used in the life stage-specific’ Beverton-Holt stock-production
relationships in the model. Appendix B describes their use in more detail and how the model
can be utilized to explore the effect of habitat modifications.

4.1.2 Stage survival

This menu item takes the user to an input screen where life stage-specific survival values are
input for wild native fish at the following stages:

1)
2)
3)
4
5)
6)
7)
8)
9)

10)

egg to emergent fry
fry to late summer parr
parr to smolt (start of smolt migration)
smolt to smolt (within subbasin)
downstream passage (subbasin mouth to below Bonneville)
estuarine
ocean

.

upstream passage
,stray rate to other subbasins
p re - spawn ing

Survival values for stages, prior to smolt are at low density (density independent) and
therefore comprise the productivity component of freshwater survival (see Appendix B). The
smolt to smolt value is varied by the model if predator effects are assumed to be density
dependent (see Predator Effects).  ‘Downstream passage and estuarine survival are modified by
the model if environmental variation is switched on (see Variation). Modifiers of survival for
naturally produced hatchery x wild fish are input through the Treatment menu selection.

Survival of hatchery fish within the hatchery must also be specified, as well as modifiers to
these values, for wild native fish taken into the hatchery.  Modifiers are specified through an
input screen labeled PEDIGREE RELATIVE SURVIVAL ADJUSTMENT, These modifiers
can be used to adjust the in-hatchery survival of fish 4th wild parents ‘downward compared
to fish with hatchery parents. A value of i.0 sets survivals equal to one another; a value of
0.9 would adjust the in-hatchery survival of fish with wild parents to 90% of that ‘of fish with
hatchery parents. In this latter case, it would be assumed’that hatchery domestication results
in fish surviving better in the hatchery environment than fish with wild parents. j

4.1.3 Fecunditv

Selection of this item prompts an input screen where estimated fecundity by age is specified
for both wild native fish and hatchery fish in the subbasin. These values are fixed in the

\

model; naturally produced hatchery x wild native hybrids are assumed to have the same
fecundity as wild native fish. All first generation hatchery fish are assigned the hatchery stock
values. No mechanism is provided for inheritance of fecundity.

EDT Model /Part LI - User Guide
Ma& 1994 /Page 37



4.1.4 Age/Sex

Selection of this item prompts an input screen where s&a@ state sex-specific age composition
and sex ratios are specified. Age data for the sexually mature population within the subbasin
are to be used. Values can be different for first generation hatchery fish than for naturally
produced fish. No mechanism is provided for inheritance of age or sex. The age composition
data are used by the model to calculate maturation rates for a fish at each ocean ‘age.

4.1.5 Catch Rates/Polici,

Selection of this item prompts an input screen where catch rates are specified for marine
fisheries (all marine fisheries combined), mainstem  Columbia fisheries (all fisheries
combined), and ‘for the terminal area in the subbasin. Catch rates represent the proportion of
fish available to the fisheries that die due to the fisheries (includes all-fishery induced losses).
Rates can differ by fish age.

4.1.6 Initial Population Size

This item is selected to specify initial population sizes, which are input as the number of
mature fish entering the subbasin. Estimates of average numbers that currently exist for the
population of interest should ,be used. Numbers of fish by, type (TO, Tl, T2, and. T3) can be
input. Provision is given for specifying the number of hatchery fish returning that originated
from non-native stock.

4.2 Treatment

Selection of TREATMENT within the Main Menu produces another menu, shownbelow,
enabling the user to define the components of the supplementation strategy to be modeled:

USE PRFGSET TREAT&NT

If an input file has already been created and saved, the- user can select ON FILE to ldad it
into the model at this time. Files that have previously been saved ,automatically  are given the
prefix SU-enabling the model to recognize them and display them in a menu of available file.

Selection of USE PRIGSlET TREATMENT keeps the supplementation strategy settings
unchanged’and takes the user back to the previous menu.
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Selection of MODIFY dTME?iT enables the user to change the existing settings of the
supplementation strategy; the following menu is prompted: .

OUTPLANTINGGChLS

DURATION

BROODSTOCK STRATEGIES

HATCHERYCULTUREMBTHODS

4.2.1 Qutplantine Goals

Selection of this item produces an input screen to specify the annual numeric’release goals for
the number of hatchery produced fish by life stage. Targets can be specified for fish to be
released in the spawner, egg, emergent fry, pre-smolt (fall release), or smolt stages. A release
of spawners i’s assumed to consist entirely of imported stock. Fish can be released in one or
more stages.

4.2.2 Duration

Selection of this item produces an input screen to specify the number of years in which
supplementation might occur, provided all the required conditions are met. Durations can be
different for each life stage of release. The number of years specified can -be less than the
total number of years that the model is run for.

4.2.3 Broodstock Strategies

Selection of this item calls up the following menu; a sub-menu is attached to the second
choice, POLICY FOR MANAGING BSpOODSn>crc:

SOURCEOFBROO6
,

.

~LICYFORMANAG~~~G'~ROODST~CK  ..
I

TIMEPERIODSFQRCONSTANTOR2-PHASEDPOLICY> I___,,.,,,,,,,,,,1
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(1) Souse of brood - Selection of this item produces the following input screen, 
shown with hypothetical input values, for specifying where’ the broodstock is to 
be collected from: 

‘: ................ .. ..... :. ‘: . ::.,:::: I:’ .:. :. .... :.’ ‘:‘.:.>::.).:: ;: ............... .:: BW::, ... ..: .... ::. ........ .: ..................... ..... . .......... .... : ........ . ......... ................. ... .. . ....... : ,:, :.: ... ..... :: ..::.j..: ..: ...... :.:.:.:..:. .+: .. :.:: :., :’ .. .:., ........ ~~,~~~~~~~~~~~~:~~~~~~~~~~~ .. .. ... ................... ....... ..... ............. ., .......................... ,_ .A.. ............. .................. ...... . ...... :. .... .: ... ... .... .... ........... .................................. .............. 
‘.: .. : ..... ... i :’ ; :, : :. :. :j :,:;,,jj [ : .::j ‘.:.: .i:.i’:{i .,,:: .I:?; : ,:j,, :.....: .: .:..: ..:. !,:><::>>:r :‘; ... > ...... ..:.: .: .............. ..... .. :, .: ...... ‘,.3: .... :..w:. : :..: .: .... . ..: .: . .::..~()Q~~&$~ i ‘$j&:;gr:;. i::i:isii~ii:ai~~~~~~~~~~~~~ ...:. .: :.,::j:i’l”‘:,: :..;;: ;;;:, .. ,.: om++& :f : ,~ ;:p+j& : : ,;i;; ::-.‘,~~:i:i::~~~~~~~ j ::f il~~~~~~ ~~~~~~~~~ ... ............ ..... ... ....... 

.. .:. .;::j ......... . .:: ... ..... ...... . .. : ...................................................... ..... ..... ... ..... ... ................................................................... , ... l.. ................ 
.... : ..~.sp~iyjyi j j:j(i:i 0% 0% 0% 0% 0% 0% 
.; ” ;:,;I j ‘:*g$#.+:, j . :,.ij,,;:‘i.( 0% 0% 0% 0%’ 

; .; ;:$&j:~:;;:; j ;: yii::i’,$ 
0% 0% 

::; ... 5m 
0% 50%‘ .: ,;,j::::: 0% :;: .:. :.:. ..... ._ ...... 0% 0% 

,g.y ;f&&&& ;,j?f:!s”‘i 
.... . .... 0% :., : ‘. 0% ... ..................... .m 0% 0% 096 ..;. :,I: :..; .: ;:i.j:::.i.::.::.: :..: ... .. ::: .: :. .. 

., ,-,~~~~~~,~‘~:~~.~; 0% 0% 100% 0% 0% 0% 

The total of each row must add exactly to ‘100%; there is no connection 
between rows. Choices for where broodstock can *be taken are (i) to import 
stock from outside the stream or (2) to use fish returning to the stream of 
interest. If broodstock is taken from the stream of interest, then the user must 
specify where (or when) they’ will be captured, i.e., (1) prior to terminal 
harvest, (2) after terminal harvest, (3) on the spawning grounds, (4) as wild fry 
(fry are captured and taken into the hatchery for rearing until a subsequent life 
stage when they are released), or (5) as tild fall presmolts (presmolts are 
captured and taken into the hatchery for rearing- until the smolt stage when they 
are released). Note: The capture of wild juveniles for subsequent rearing in the 
hatchery is not the same as captive broodstock. ’ 

If imported stock is used in any part, then the user is prompted to specie, 
whether that stock is an adjacent or distant stock, based on assumptions about’ 
genetic distance. 

(2) Policy for Managing Bmodstock - This, item defines the policy for marraging 
the broodstock and escapement of hatchery produced fish to the natural 
spawning grounds. The policy is defined through the following menu items: 

(4 The Periods for Constant or 2-Phased Policy - ‘This allows for 
specifying different broodstock policies for the period of 
supplementation; e.g., the user may choose to designate a different 
allowable, proportion of the natural run to be taken as broodstock for 
each of two, time periods. Input is made by .specifying the end years of 

’ the two time periods. Set, the numbers to be the same if only one 
constant policy is desired. 
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64 Constmints  on Escapement Management - This sets the constraints on
managing broodstock and escapement ‘by the time periods specified
above. Five constraints can be specified: i) the minimum percent of
broodstock required to be naturally produced fish [0 indicates totally
random collection]; ii) the maximum percent of the natural run allowed
to be taken as broodstock; iii) the maximum percent of the, total run
(including hatchery fish) that can be taken as broodstock; iv) the
maximum percent of naturally *awning fish that can consist of
hatchery produced (T3) fish; v) a mini,mum  requirement for the natural
run to spawn naturally before broodstock can be removed (input males
and females separately). Itern iv would be controlled by operation of a
weir in the lower reaches of the river in reality.

(cl Sex Ratio - This defines the sex ratio to be used for the broodstock.

4.2.4 Hatcherv  Culture Methods

Selection of this item enables the user to specify the type of fish culture methods to be
employed in the model run; methods refer to either conventional or innovative. Conventional
practices are those that are currently being us&d.  Innovative practices would incorporate new
concepts to improve survival using such techniques as exposure to habitat complexity,
predator trainirig, use of live food, etc.-Begin the first modeling exercise using conventional
practices. In this case, the user assumes that fish wiil be cultured with standard culture,
practices at all phases of hatchery propagation.

(1) Conventional Practices - Selection of this item leads to the following menu
options (via MODIFY  ‘PARAMEI’ERS . ..).

ONAL PRACTICES

SURVIVAL OF HATCH  FISH RELATIVE  TO WILD TO FISH

DISTRIBUTION  OF NON-GENETIC  EFFECTS
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(4 Survival of Hatch Fish Relative to Wild To Fish - This specifies the
relative survival of hatchery produced (type T3) fish compared to wild
native (type TO) fish from release through the pre-spawning phase using

/ conventional culture pmctices. This assumes that the hatchery stock was
derived from native broodstock. Input values are obtained from
whatever sources might be available for the stock of interest or nearby
stocks, or simply based on the -best, judgement. of individuals
knowledgeable about this subject. The values are varied to examine the
effect of uncertainty in this variable, Default values in the model are:

0.20 0.20 0.25 0.33 0.75

The relative survival values of fish of imported stock but cultured using
conventional practices are computed by the model. The model assumes
that survival is reduced for imported stock, the difference in survival‘
from using local stock being due to genetic factors alone. The model
calculates the contribution of non-genetic factors contributing to the
relative survival values given above, then incorporates the genetic ’

factors for the imported stock to obtain corresponding relative survival
values for that stock.

The model allocates the reduction in survival for hatchery fish to non-
genetic factors (those due to behavioral and physiological changes) and
genetic factors. The genetic factors are set within the model (see
below); the non-genetic factors are simply, the residual between total
reduction in survival for T3 fish and the reduction due to .genetic
effects.

(b) Disbibution  of Non-Genetic .Effe& - This specifies’ the relative
distribution of how non-genetic effects to ‘survival from hatchery
propagati0.n  are spread through the post:release ,life of hatchery fish.
This provision enables the user to consider how different assumptions
about the distribution of these effects might -affect  outcome. Default
values are based on the assumption that most of the non-genetic effects
occur soon after release; default values are listed below:
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Values within the columns must add to 100%; input is made as
propor@ons.

\

Iinportunt  note: Be aware that the value input for the smolt-smolt stage
may create an illogical condition when a Type II or III predator 1
response is operative (see Section 4.4 Predator Effects), if the amount of
mortality assigned to this stage is too high. In such a case, the model
will create new naturally’ produced fish in this stage to satisfy the
conditions of the Type II or III response functions. If that occurs, a
message will be given to the user following completion of the model
run to indicate an adjustment is necessary and the run should be
repeated. .a \

(cl Genetic Factors - This specifies the relative contribution of different :
genetic components to the overall genetic effect of culturing fish ‘in the
hatchery. Changes in.genetic  fitness are attributed to three categories:
domestication effects, broodstock source, and culture practices (see
Tables 2 and 3 in Part I). Fitness ,is relative to a wild standard of 1.0 ,
and fitness factors are multiplicative.
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The default values for each category Were originally, formulated for fish
to be cultured in the hatchery to the smolt stage.6  The model assumes
that genetic changes are less for f&k- held in the hatchely  for shorter
periods. Hence genetic changes associated vvith  hatchery culture are less
for fish supplemented at the pre-smolt stage than at the’smolt  stage, and
so on. Selection of GENETIC  FACTORS enables the user to change the
default values for smolt releases only; the model then recomputes fitness ’
values for each category for fish released at other -stages by
interpolation, assuming that domestication and culture effects have
values of 1.0 for egg and adult releases. The user is given the following
screen for making this input; default values are shown [shaded cells are
values computed by the model; input is made in the unshaded cells]:

The model uses the values contained in ,the above screen to compute
total genetic fitness factors associated with each fish type (II, T2, T3)
for each stage of release (.see  Table 3).

(2) Innovative Practices - Selection of this item enables the us& to prescribe the
.amount of improvement in hatchery, fish survival, to be gained by using
innovative culture techniques. This feature allows the user to explore the
overall effect of gaining particular levels of .improved  surviv81’  using innovative
culture. The amount of improvement assigned to genetic factors is stipulated by

,

6. Values provided by Dr. Craig Busack were intended to be applied td smolt released  fish. Dr.
Busack assumes that fish held in the hatchery for shorter periods of time will experience less-
genetic change (personal communications). Note: The value shown for conventional, culture
under smolt release of 0.70 is now considered too low by Dr. Busack; ait intermediate value
between 0.70 and 1.0 is ,likely  more appropriate.
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the values shown above under GENETIC FkI’ORS. The residual between
total survival and the’ amount assigned to genetics is allocated to non-genetic
effects, as described earlier. The input screen with example improvement values
is shown below:

:
100% 106% lOO?h 100% 100%

Values are entered as proportions; hence a value of 0.10 would represent a 10%
increase in survival, a value of 1.0 would be a IqO% increase in survival, a
value of 2.0 would be a 200% increase. The model limits,-ho,wever,  the
maximum survival of hatchery fkh to that of’wild TO fish.

Upon leaving this input screen, the user is given the choice of-modifying  the
parameters associated with culture effects, as shown under CONVENTIONAL
PRACTIm  above.

4 3  Vtiation

Selection of this item within the Main Menu enables the user to choose whether to introduce
environmental variation into ‘the model runs. The user is given the following menu:

ENVIRONMENTAL VARIATION MENU

H NO FNVIRONMENTAL.~  VARIATION

SWITCH ON ENVIRONMEFl&% VARIATION

If variation is not introduced, the user is returned to the Main Menu to continue with setup
procedures. If variation’ is switched on; the user is then taken to several, subsequent menus for
defining how variation is to occur. Two‘sources of variation can be introduced: variation in
downstream passage survival within the mainstem Columbia River (and Snake, if pertinent), _ ,
and all other types of environmental variation.

The first source of variation to be. defined is due to variable downstream passage survival
assumed to be caused by variation in flow regimes. This variation is introduced in the same
manner as in the Systems Planning Model, i.e., based’ on an estimated relationship between
flow and passage survival. The EDT model utilizes a SO-year runoff record (1929-1978) for
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the Columbia, assuming that flows were regulated for the entire period’ under ‘*current
operations.” The user is given a menu foi selecting how .many mainstem dams are below the
subbasin being modeled. If 0 dams are selected, the passage variatidn file submenu is skipped
by the model. Passage variation is defmed by the following:

,

FOUR DAMS TO PASS  IN MAINSTEM  MIGRATION

SUBMENU OF FILES TO VARY DOi’NS~M
PASSAGE  SURVIVAL

1. Passage fkHIST4A  (historical runoff pat&n)

2. Passage fde; HIST4B  (historical runoff pattern)

3. Passage file HIST4C  (historical runoff pattern)

4: Passage fde RAND4A (redo?  runoff pa&m)

5. Passage file RAND4B (random  runoff pattern)

6. Passage file RANd4C hmdom runoff pattern)

The submenu of passage survival files is ‘used to select a specific file that contains a flow
pattern and associated survival rates. A pattern can be selected that either follows a historic
sequencing with a randomly selected start year (HIST files) or a completely random .
sequencing of flows (RAND files). Three files exist for each. The user should use the same
variation files in comparing multiple model runs to evaluate treatment or ,predator  effects.

If different variation patterns are desired, they can be created outside the model and
substituted for one of the files in the submenu shown above.

After defining passage survival, the user is given another submenu- to select’ one ‘of three
possible files for defining all other sources of environmental variation. Variation is determined
based on a log-normal function and is applied entirely during the, estuarine life stage. The user
should use the same file in comparing treatment effects  for multiple model runs. The choices
are:
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SUBMENU OF FILES  FOR NON-
PASSAGE VARIATION

i. Estuary survival file ESTURNl

2. Estuary  survival file ESTURN2

3. Estuary survival file ESTURN3

If different variation patterns are desired, they can be created outside the model and
substituted for one of the files in the submenu shown.

, 4.4 Pmiator Effects

Selection of this item enables the user to define the type of prey-predator interactions that
occur within the subbasin during smelt  migration. The smolt population istreated as the prey.
The user is given the following menu:

RATE OF LOSS DUE TO PREDATORS MENU

CONSTANT.MTE  OF LOSS

HIGH RATE OF LOSS AT LOW’POPULATION SIZES

LOti RATE OF L&S AT LO% POPULATION SIZES

MODIFY DENSITY-DEPENDENT PARAMETERS

VIEW FUNCTIONAL  RESPONSES

4.4.1 Constant Rate of Loss

This-  choice is equivalent to a Type I functional response for predators without any ceiling to ’
how many smolts can be eaten. Loss is assumed-to be independent of the density of smelts.
The .survival  rate for the smolt+molt  life stage that was specified when defining
subbasin/stock  characteristics (under STAGE SURVIVAL)  is. used in this case.

4.4.2 High Rate of Loss at Low Pooulation Sizes

,
This choice is equivalent to a Type II’ functional response for predators, with the highest rate
of loss occurring at the lo.west  prey densities. Predator efficiency at killing (or rate of
handling, i.e., digestion, etc.) decreases asprey density increases. Strong Type II responses
will push the wild salmon population toward extinction at low initial stock size.
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4.4.3 Low Rate of Loss at Low Population ‘Sizes

This choice is equivalent to a Type III functional response for predators, with the lowest rate
of loss occurring at the lowest prey densities. Predators switch to more abundant prey at low
densities of salmon smelts. Strong Type III responses may, tend to create- multiple population
stability domains; thus the wild population may remain low at low initial stock sizes.

4.4.4 Modifv  Dens&-Deoendent  Parameters

This choice enables the user to modify one or both of the parameters that determine the
severity of &Type II or III functional responses. The two parameters are: (1,) maximum
percent of the smolt carrying capacity that can be eaten by the predator population; and (2)
the percent of the carrying capacity that needs to be available for predators to eat one-half the
maximum number that can be eaten. Default values for -these  parameters are set at 50% and
32.5% respectively. Note: enter the values a~ pqndons,  hence 50% becomiis  0.5. Severity
of the functional response8 is increased by increasing the first parameter value and decreasing
the second. Think of it like this: divide the first parameter by two, then set the second
parameter value higher than that number by an amount that represents the ability of prey to
evade capture. The closer the second parameter is to one-half of the first, the greater the
severity of effect. The second parameter value should always be set greater than,&-half  the
first parameter. The VIEW optionallows the user to review the effect of changing parameter
values.

4.4.5 View Functional Resoonses

This choice, provides a graphic display of th’e three functional responses using the values ‘that
have been selected by the user (or for default values if no changes have beeri  made).

4 . 5  output \

Selection of this item enables the user to generate a variety of output, including on-screen>
graphics, printed graphics and tables and graphic, and tabular files. For each choice, the user
must specify whether the model run was made with one or all three genetic recovery
scenarios. Outputs are different for the two ways of running the model. Choices are:
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DISPLAY GRAPHSDISPLAY GRAPHS

GRAPH PRINTGRAPH PRINT

SAVE GRAPHS

PRINT TABLPS

SlNGLE  RECOVERY SCENARIO MODEL RUN

MULTIPLE RECOVERY SCENARIO MODEL RUN

4 . 5 . 1  Displav  Graohs

For a single genetic recovery scenario model run, the choices for graphics &e as follows:

MENUOFGRAPHS
lsinde see&h model ND)

A. Total natural spawners time series.

B. Composition of in-nature spawning population time series.

c. Composition of in-hatchery spawning population time series.

D. Smolt yield time series (numbers leaving subbasin).

E Recruits to Columbia plus ocean catch time series.

F. S-R plot for natural spawning populations.

G. S-R plot for total subbasin  populations.

IX R/S for in-nature spawners time series.

r. R/S-for in-hatchery spawners time series.

Z R/S for total spawners time series. ~

K Eggs per natural female spawner.

L. Numbers of fish released time series.

When a graph is displayed to the screen, the model first brings up a template that contains
some or al! of the output. The graph contains only a generic title at that point. Press
RJZTURN  and the model will add titles and bring in all of the remaining output data.
Depending on the speed of the computer being used this may take a few seconds - wait. This
two-step process to creating a graph is due to how Quattro processes the macro. The meaning
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of each graph is self-explanatory, from either the descriptions attached to the menu or by the
graph itself. The user can easily modify the graphs or create different ones by quitting the
EDT model and working through the normal Quattro Pro routine under /GRAPH,

For multiple-scenario model runs the choices for graphics are as follows:

MXNU OF GRAPHS
hnultlde  seendo, model nd

A. TO + Tl + T2 natural spawners time series.

B. Total natural spawners time series. /

C TO + Tl + T2 smolt yield time series (numbers leaving subbasin).

D. Total smolt yield time series (numbers leaving subbasin).

E TO + Tl + T2 recruits to Columbia plus ocean catch time series. :

F. Total recruits to Columbia plus ocean catch time series.

4.5.2 Graoh Print

Selection of this item produces the menu of graph choices as shown above for the purpose of
printing graphs from within the model. Graphs to be printed must first have been viewed
through the DISPLAY GRAPH!3 option above .becatise  they are created,during that procedure.
Note: if sets of gr@ics for different model nms are desired with the same scaling on the Y-
axis cfor eqily comparing beutment effects)  then the user sb+d QUIT the mddel and M-
scale mamudly.

4.5.3 Save Graohs

Selection of this item produces the menu of graphs for the purpose of saving to file one or
more. Any graphs to be saved must first have been ‘viewed through the DISPLAY  GRAPES
option above because they are created during that procedure. The graphic is displayed again at
this step just prior to saving to file. Graphs are saved as .PIC files, but’this can easily be
changed to create .PRN files instead; .PRN files use’ much larger amounts of memory, I
however.

4.5.4 Print Tables

Output tables used in creating the. graphics can be printed at this time. The user must go.
through the same kind of submenus as shown above to specify whether .a single or multiple
recovery scenario was modeled. Selection of single’ recovery scenario run produces the
following menu of tables to print:
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MENUOFTABL.ESTOPRlNT

A. In-nature spawners time series by fHh type.

B. In-hatchery spawners time series by fish type.

C. Smolt yields by typrnand  brood year.

D. Recruits to Columbia plus ocean catch time series.

E Stock-recruit data.

F’. Fecundity and natural egg deposition.

G. Outplanting summary.

Selection of multiple recovery scenarioS  run produces the following menu of tables to print:

MENUOFTABLESTOPRlNT

A. In-nature spawners time series by fish type. .

B. Smolt yields by type and brood year.

c. Recruits to Columbia plus ocean catch time series.

The user is given an additional choice to be able to print the input and setup tqbles within the
model .also. This choice calls up the following menu:

A. Basic setup (information from CONTROL, PANEL),

B. Input tables to define Subbasin/Stock.

C. Input tables to define supplementation strategy.

D. Treatment effects setup tables.

E Predator-prey interactions parameters.

.
4.6 Go

When the setup procedures have been completed, the user selects GO at the Main Menu., The
Control Panel is displayed on the screen, enabling the user. to see some of the basic
instructions that have been selected in the setup routine. The user must then respond to the’
following:
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‘Enter an assigned nm number (3 cbacters:  OOl-999)”

Enter up to a three digit number as showu

“What year to begin tteatment?” \

This question enables the treatment to begin’ any year in the sequence of years being
m o d e l e d .

/
*Run  all genetic ttxovery scewios? (Y or IV)”

If Yes is selected, then the model will run each scenario the full number of years being
run beginning with scenario 1, then move to scenario 2 and so on. Each- model run takes
three times as long when running all scenarios together.

If Yes is selected, the model begins to run. If No is selected the next question must be
answered.

“Which genetic scekuio for a one scetuwio  run? (1,2, or 3)?”

Be sure to enter a number here even if no supplementation is actually going to occur. If
there is no supplementation, the choice of which scenario does not matter, but the model
wants a number here.

“Enter  a short descliption  of the treatment - ,
(MAX 36 chamcten or ENTJ2.R for none)” ,

This description is placed on the second line of the graphics that are produced. The
following is then asked:

Wow many years should be simulated (IWAX = HO)?‘*

The model then begins to run. The current, year that is being run is reported to the control
Panel. For multiple scenario runs, the scenario that is being run is also shown.

The model will beep after it is completed running, then return to the Main Menu,

4.7 Save

Selection of this item in the Main’ Menu allows the user to save to file the input sections that
were setup, including the supplementation strategy, and the entire model with results if.
desired. The following menu is given:
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-. SAVEFIlXMiCkU

SUPPLEJMENTATION  STRATEGY SECTION

The files are automatically named using up to seven characters. Input sections, including tho,se
for treatments, are given two character prefixes as follows:

Input section for subbasin/stock IN-
Supplem  enta4ion t~atm ent Sections: SU-

The two characters following the prefix are the two letters of the subbasin/stock  system that
the user input when setting up the model run. The last three characters are those of the model
run number. So, the file INEXOOl.WQl  would be the input section (IN) defining the
subbasin/stock  for Example River (RX), for model run number 001.

When the entire model is saved with results, the file name begins, ‘with the two character
abbreviation for the subbasin/stock,  followed by the model run number.

4.8 Batch MO&

Selection of BATCH MODE from the hain Menu enables the user to make a series of model ~
runs uninterrupted. This option is used to perform sensitivity analyses over ranges of input
values, as was done in Appendix A. Before initiating a batch job, the user is required to set ’
up the Batch Command Table, which controls how input values are changed for each run.
This is done outside of the model and requires- a greater level of knowledge. about
spreadsheets than needed to operate the -model on a single run basis.

To set up the Batch Command Table, quit the model. (but not the spreadsheet). Go to cell : ’
BATTABX  (address AXgO3).  The screen will appear similar to Figure 11; only ,truncated with
fewer columns shown. (Note: Figure 11 displays only the first part of the Batch Command
Table). Row numbers and column addresses are shown along the left. and top margins in
Figure 1 I. Unless the size dr b&i: stnkcture  of the table is to be changed, do not make’uny ”
changes or input any values between the double horizonital  lines that& shown.\

The box beginning in cell AX803 in Figure 11 is reserved for storing information used to
name the butput  file created at the end of a series of model runs. The user is required to
answer several questions when a batch job is initiated; the answers are stored in .&is box.
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Parameter names that ‘can be altered through the batch job are shown within a long rectangle
beginning in cell BB809, extending off the screen to the right. The table is set up within
EDTM3O.WQl with 66 different parameters. The names shown are those given in Table 6 in
Part III. Short definitions .of the parameters are given in the two or three rows immediately
below the names. The numeric values in the row beneath the definitions.(beginning  in
BB812) are the values that are current within the model; the values in these cells are updated
with each run. ‘.

Input ~ values to be changed with each model run are entered beginning in row 814. Set up this
table from left to right as follows:

1
1. I,Inder  column “RUN NO.” (AX), enter consecutive numbers for ‘the number of the run.

If formulas are used to speed the process, be sure to convert them to valuesbefore
Ieaving this step. So, for example, if 100 runs. are being made, numbers would progress
from 1 to 100 in this ‘column.

,
2. Leave column “RUN ID” (AY) blanh. Erase anything that is there when setting up the

table. This column is filled in automatically at the start of the batch job.

3. Under column “No. years to run” (AZ), enter the -number of years to be modeled for
each run.

4. Dnder  column “Save detail?” (BA), enter a 0 or 1 to indicate the type of output to be
saved. If a”l” is entered, then the entire output record by year will be saved for that run
for Natural Spawners (by fish type). The model can’ be customized to save output for
other items if desired. In all cases, the output will include the Zart year in the model run
for all relevant response measures.

5. Numeric values for each parameter are input beginning in column BB. Ivrfu& de:
Enter all of the values associated’Gth  a stundad  nm in the first row of the table (row
8 14). In subsequent rows enter only the. items that are to be changed from the previous
run. Remember to ‘reenter ‘the standard run values when a parameter ‘value is intended to
be reset to the starting value. Figure 1 I illustrates an example where smolt carrying.
capacity and egg-fry survival are being changed. The third run uses the same carrying
capacity as in the second run. The carrying capacity is changed again in the fourth run;
then is u&hanged in the fifth run.

The model is currently configured to run up to 400 model runs per batch job. This’can be
increased through minor modifications.

If‘the  user wants  to &amine the effect  of other parameters besides those shown, the table
would need to be modified slightly. Go to far right side of the table and extend it further to
the right (using the Move command). Be sure to also move the summary table shown
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immediately to the right of the Batch Command Table. Set up the new portions of the table
following the pattern used for the existing table.

When BATCH MODE is selected from the Main Menu, &e user is prompted to respond to
the following:

“‘Enter  a three chamcter batch M code (e.g., BRl)”

This is used in naming &e output files. A second prompt is given:

“Enter the month abbmvidon  (e.g., F’EB)**

Enter a three letter abbreviation.for  the current month; this is used to name the output
file. A third prompt is given:

‘Enter the day of the month (e.g.; 2)”

Enter the current day of the month; this is used to name the output file.

The .Control  Panel is then displayed to the screen where the user can monitor the.  progress of
the batch job. If a large number of runs-is being made, initiate the job just before quitting
work for the day and let it proceed overnight.

When the user attempts to initiate a batch job for the first‘time,  be sure to interrupt the job
after a short period (say, 15 minutes) to check whether the job is proceeding as planned.

Output that is obtained will need to be analyzed according to the specific needs of the user.
No pre-programmed graphics can be obtained for the results.

4.9 Quit

To save the model with its current configuration for all input parameters but without the
lengthy results attached, quit the model (QIJIT), then press A&T-Z,  which will strip out the
results for saving a smaller file. Save the model through the standard Save routine,in Quattro,
using whatever name is desired.
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ECOSYSTEM DIAGNOSIS AND TREATMENT MODEL
AS APPLIED TO; SUPPLEMENTATION

,~ PART III
THEOiWMCAL DOCUtiNTATION

1. INTRODUCI’ION

Part III presents the theoretical, documentation for the model. Formulas for all but the most
trivial computations in the model are provided. The presentation is given following the same
order as shown for the spreadsheet layout’ (see Fig. 2): ’

The numerous formulas that follow will be intimidating and of little value to mtiy individuals
interested in using the Imodel.  An understanding of these algorithms is not necessary to use
the, model for the purpose it was designed; they’ are provided to ensure full accountability for
all its components. The documentation provided here will be of use to individuals wanting to
customize the model, use portions of it in other modeling tasks, or to better understand a set
of computations.

2. DEFINlTIONS  AND NO’J’ATION

\

Input  narameters are defined as those values in the spreadsheet that are provided by the
user and define specific attributes associated with the stock and management strategies under

consideration. The -code  name for each input parameter is made up of two components, a
generic component and a specific component. The generic component is upper Case, italicized
bold alphabets taken from the parameter definition. For example,,.the input parameter,. eggs
produced per female, is EpI;K, where ‘EPF ‘, the generic component, refers to eggs per female. *
The specif%component  is small case, italiizized  (not bold) alphabets and is used to define

specific genetic stock, age, sex, or life-stage elements for which the generic name is
associated. The specific Components are variables that take on a range of values to define’
which genetic stock, age, sex, or life-stage (for example) is being referenced. The values of f
these parameters are not italicized. In the example, EpI;k, the letter k can reference either TO
or T3 genetic stock, and the letter h can equal 1, 2,’ 3, or 4 which .delineates the number of
years fish are in the ocean. Thus, ‘EPFTO, is the number of eggs produced per female of TO
genetic stock fish that have remained in the ocean for 2 years. Table 6 presents a complete ’
list of all input parameters.
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Calculated variables are defined as those values which ares a function of input parameters
and other calculated variables. Again, the code name for each calculated variable is made up
of a generic and a specific component. For calculated variables, however, the generic
component is upper case, italicized, non-bold alphabets. The format for the specific
component is the same as that used for input parameters. Table 7 presents a complete list of
all calculated variables.

State variables are a subset of the calculated variables and are those variables associated
with an interesting life stage. These variables are often tracked through the model simulation
and are used to produce plots for data interpretation.

3. MODEL FORMULATION

Each calculated variable is first described in non-mathematical terms; followed by its
mathematical expression. We proceed through the spreadsheet by section, as shown in Figure
2. The spreadsheet address of each variable  precedes the name of the term to facilitate
locating it within the spreadsheet. Note: &se addresses will be &de obsoiete if #he
spre&heet smcdure  is altered

3.1 Input Section

N12 Summer Canacitv (SC) is the carrying capacity of the subbasin for,parr during
the summer rearing period.. The estimation of this parameter is b&ed’on the disaggregation  of
the Beverton-Holt stock-production equation (see Appendix B), the user input of smolt
carrying capacity (CC), rend the estimates of the seasonal limitations of habitat to smolt
carrying capacity. Summer capacity is defined a ,

sc- CC. FSSSURVTO  * ( RWSC + PSSSURVTO  )
RWSC .

I
F.PSSURvTO  . PS.Ss”RT  - & ) (1)

where CC is the smolt carrying capacity (input); EPSURVTO  is the fry to presmolt density
independent survival rate; RWSC is the ratio of winter capacity to summer capacity;
&UXU?VTO  is the presmolt to smelt  density independent survival rate; and RK’C
is the! ratio of egg incubation capacity to smelt carrying capacity.
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Table. 6. Continued. ,

Spreadsheet
lo&tion Pammeter  descrfptlon input parameter Index mnge

068 Harvest rate in excess of the
breakpoint HREBP

069

07Q..R82

OQO..P94

Nl lO..N114

Harvest rate breakpoint HRBP

AD&s,,

lRsscu

Steady-state age distribution in subbasin

Initial returns to the subbasin

k=TO,T3;  s=M,F; h-?..4

s=M,F; k = TO,Tl  ,T2,T3;  SS = I,a,d

. Supplementation. number (numeric
release goal)

01 10..0114 Supplementation duration

SUPNUM, i= e,f,sp.s,a  ’

i= e.f.ps,r,a

N128.6132

SUPDUR,

Broodstock collection schedule
(source) BRDCS, i=a,f,pa,s,a;  c- 1..8

t - 1 . 20146.P146

0146.P148

Brood collection policy years BCY,

Minimum percent used of the
natural broodstock Mi%NBS, t= 1,2

O147..P147 Maximum percent used of the
natural run Mx%UNR, t - 1 . 2 .

WI,2 _
O148..P148 Maximum percent used of the

total run Mx%UTR,

014Q..P149 Maximum percent of T3 fish
in the natural escapement Mx%TsE, t= l-,2

016O..P160 Minimum number of natural males
in escapement (constraint on broodstook) MMNEM

016l..P161 Minimum number of natural females
in escapement lconstraint  on broodetock)

Broodstock percent female

MMNEF

BRDCSR0162



Table 6. Continued.

Spreadsheet
Location Pammeter  description I n p u t  p a r a m e t e r Index Range

u29

U32

U36

Al170

All 73

U60

AABl3..AF20

ABB9..AF92

27l..AD71

AA107..AEll8

A0317..AB386

AC317..AC416,

i 0240 _

A03

AE3

.Egg-to-fry  pedigree relative
survival adjustment E. FRSA

Fry-to-presmolt pedigree
relative survival adjustment F. PSRSA

Presmolt-to-smelt pedigree
relative survival adjustment PS. SRSA

. Maximum percent of CC eaten Mk96cc  _

Percent of CC needed for
l/2 maximum no. eaten Pccs2

Prespawning survival of TO
fish in the hatchery

Genetic fitness components
for smolt release etage

Relet/v8  survival

P.SPSltRVHTO

oic,,

RELS~~Vmar.u

Percent improved performance
of hatchery fish with
innovative, culture PllNNl

Non-genetic treatment effects
(distribution)

Juvenile passage vsriabfe
survival rate (vector) VPAS

Variable estuary survival
rate (vector) VEST

Functional response

Culture method

F

CULT

Stock source s s

j-T1 ,TZ,T3,l,&,d,ccn.inn

f= e,f,psj3,a;  Cult ‘con; SS - I

i= e,f,ps,a,a

I-e,f,ps,s,a;  L=e-f,f-pfqs-8,
s-s,jP,est,o,o~,rh,ap,psp,hf

F= 1..3



Table 7. Calculated vatiables, code names, and their associated locations wi@in the EDT model, ,

Spreadsheet
location Variable description Varlaile name Index  Range

0181

N12

N13

084.R87

0167..5170

AB13..AF20

AC34..AG63

A089..AF92

AA131..AE182

AA1 69..AE237
@laced in GA8..GA23)

AA243..AA276
@laced in GB8..G023)

AB243..AB276
@Iaced in GCB..GC23)

Genetic recovery scenario sew

Summer capacity SC

Winter capacity WC

Maturation rates MRks,,

Broodstock required BRDSTK,,

Genetic fitness cdmponents
by release stage GFC,

Genetic fitness factors
(genetic effects) ‘=,,s,,ss,

Relative survival of hatchery fish (T3)
to wild fish (TO)

Total effects /

‘=S“W.,,,.,

Eh,,t

Smolts after smolt-smolt survival,
based on either a Type I, Type  II, or
Type Ill functiorial response S.S$URVF,,

No variation in survival after downstream
passage NVADPk,

No variation in survival after estuary NVAE&,

‘k=TO,T3; s==M,F;  h= 1..4

i~e,f,ps,s,a;  c- 1..6

i g e.f.ps,a;  j = Tl ,T2,T3 I a d,, , ,con,inn

k - Tl ,T2,T3;  i - e,f,ps,s,(I;  CULT =con,inn;
SS=l,a,d; Eat.6

i =e,f,ps,s,a;  CULThcon,inn;  SS=l,a,d
I

i = 1.a.d;  i =e.f ,ps,s,a;  CULT - con,inn;
L=e-f,f-Ps,pe-s.e-s,jp,est,o,oh,rh,ap,psp,hf

f= 1..3;  k=TO,Tl,TZ,T3,j-i;  j-l,a,d,l;.
i - e,f*a,s,a; y-year

‘k=fO,Tl,T2,T3,j-i;  j=l,a,d,l;
i - e,f,ps,s,a;  y-year

k=TO,Tl,TZ,T3,j-f;  j=l,a,cJ,l;
i=e,f,pe,e,a; v-year



,. ‘,

Table 7. Continued.

Spreadsheet
looatlon Variable description Vadable  name Index Renge

AA280..AA312
@laced in GB8..GB23)

Variation in survival after downstream
passage VADP,, k=TOIT1,T2,T3,j-i;  j=l,a,d,l;

i =e,f,ps,s,a;  y-year

AB280..AB312 Variation in survival after estuary vy,, k=TO,Tl,T2,T$j-i;  j=!,a,d,l;
(placed  in GC8..GC23), i=a,f,ps;s,a; y-year

\

AZLBG23 . Adults returning to subbasin s=M,F;.h=1..4,  k=TO,Tl,T2,T3,j-1;
j=l,a,d,l; i=e,f,ps,s,a; y -year

A224.3624 Initial ninth root genetic fitness factors K=Tl; T2;  h=1..4;  y-year

BHS..BH23 Adults plus jacks returning to spawn k’=TO,Tl,T2,T3,j-i;  j=I,a,d,l; *
i = e,f ,ps,e,a;  y = year

BM9..BR23 Broodstock limits r= 1..3;  k=Tl,TS,j-i;  j-i,a,d,l;

BT&.CD23 Adults after broodstock REM 1 AABS  I&,
i=e,f,ps,e,a;  y’yeer
s=M,F; h= 1..4;  k=TO,Tl ,T2,T3,j-i;
j=I,s,d,I; i=e,f,pe,c,a;  y-year

CG&.CQ23 Adults after terminal harvest

:

a-&F;  h=1..4;  k-TO,Tl,T2,?3,j-I;
j=l,a,d,l; i=a,f.ps,r,a; y-year

CRS..DB23 ‘Adults after broodstock REM 2 s=M,F; h-i..&, k=TO,Tl,T2,TB,j-i;
j=l,a,d,l; i=e,f,pe,s,a;  y=yeer

DES..DN23 Adults after prespawning mortality s=M,F; h= 1..4;  k-TO,Tl,T2,T3,j-i;
j-I,a,d,l;  i=e,f,ps,s,a;  y=yaa;

DPS..DZ23 Adults after NBroodstock  REM 3 AABS3shk, s=M,F; h-1..4, k.=TO,Tl,TZ,TS;j-I;
j=l,a,d,l; l=a,f,ps,s,a; y=year



Table 7. Continued.

Spreadsheet
Locetion Variable description Veriable  neme IndexRang*  \ ,

EAB..El23

EJB..ER23

ESB..ES23

EWB..EW23

Spawners in hatchery prior to egg take =Flsh,, s-M,F;  h- 1..4;  ktTO;Tl,TZ,T3,j-i; -
j=l,a.d,l; i-e,f,ps,s,a; y-year

Spawners in nature prior to spawning =J*k, s-M,F;  h-j..+ k-TO,Tl,T2,T3,j-i;
j-I,a.d,l;  i-e,f,ps,s,a; y-year

Total number of -males in nature _ TNMN,., k - TO,Tl ,TZ,T3;  y-year

. Total number of eggs in nature
.’ TnJEh, k=TO,Tl,T2,TS,j-i;  j-l,a,d,l;

i-e,f,ps,s,a; y - y e a r

FAB..FEll Scenario matrix SM,,:, k-TO,Tl ,TZ,T3;  k’ -TO,Tl,TZ,T3;
y - y e a r

FIQ..FKlO Weighted genetic fitness factors
(weighted genetic effects) kFFv k=Tl,T2;  y-year

FLB..FLlO

REM factors

9th root genetic  fitness factor
(weighted factors)

kRF;

ke.,

‘k=Tl,T2;  y-year

kiTl,TZ;  y-year

.\

\

\

FFO..FF12 Potential zygotes in hatchery
’

before egg plant PZH,, k-Ti,TS; y - y e a r

FGl  l..FG14 Eggs planted , EP,, k-T3,l-eJ-e; y - y e a r

FH’B..FH  14 Potential 2ygotes  in nature ,
after egg planting PZNAP,, k =TO,Tl  ,T2,T3,I-e,l-e; y-year _

FNZ)..FN  12 Fry in hatchery before fry ,plant

FOl  l..FOl6 Fry planted

k=Tl,T3; y-veer

FP,, k-T3,1-f,l-f;  y-year

FPB..FPlB Fry in nature after fry planting FNAP,, k=TO,Tl ,T2,T3,j-I; j -1.1;  i - e,f;
v-v-

FQB..FQ12 Fry in‘hatchery after fry collection k=Tl,T3;  y?vear



Table 7. Continued.

Spreadshret
Loaation Variable desuiption Varleblenerne  _ Index Range  _

FRB..FRlB Fry in nature after fry collection FNAC,, k - TO,Tl  ,T2,T3,j-i;  j - 1,l; i’= e,f;
y-year

FSS..FSll

FTl 1 ..FTlB

Presmolts in hatchery before planting

Presmolts planted

P%,

p=cL,

k=Tl,T3;  y-year

k - T3;I-ps,l-ps;  y = year

FVB..FVlB Presmolts in nature after planting p=nf%, k-TO,Tl,T2,T3,j-i;  j-1.1; i-e,f,ps;
V’W~

FVS..FVll Presmolts in hatchery after collection P-WAC,, k*Tl,T3;  y=yea

FWB..FWlB Presmolts in nature after collection PSNAC,, k-TO,Tl,TZ,T3,j-i;  j-1,1;  j=e,f,ps;
y -year

FXS..FXll

FY 11 ..FY20

Smolts in hatchery before planting

Smolts planted

FZB..FZ20 Smolts in nature after planting
I

SNAP,,

GAB..GA23

GBB..GB23

Smolts after smelt-smolt  survival,
based on either a Type I, Type II, or
Type III functional response

- -

Smelts  after downstream passage

S.SSURVFk,

~ww

GCB..GC23 Smolts after estuary

GDB..GE23 Adults in the ocean
GIB..GU23
HJB..HK23
HZB..IA23

k=Tl,T3;  y-year

k=T3,1-a,l-8;  y-year

k -TO,Tl ,T2,13,j-i; j -1,l;
i-e,f,ps,s;  y-year

f-1..3;  k-TO,Tl,T2,T3,j-i;  j=l,a,d,l:
I-e,f,ps,s,a; y - y e a r

k = TO,Tl  ,T2,T3,j-i;  j = I,!:
i-e,f,ps,s;  y - y e a r

k -TO,Tl ,T2,T3jj-i;  j =j,I;
i - e,f ,ps,s;  y -year

s = M,F;  h - 1. .4; k = TO.Tl  .TZ.T3.j-i;
j=I,a,d,l; i-e,f.ps.u.a;  Y-Year



Table 7. Continued.

Location Variable description Varlabli  nmie Index Range ’

.GFB..GG23
GVB..GW23
HLB..HM23
lBB..lC23

Ocean harvest OHsh,, r=M,F; h=1..4;  k=TOIT1,T2,T3,j-i;
j-I,a,d,l;  i=e,f,p&s,a;  y~=year

GHB..GH23
GXB..GY23
HNB..H023
IDB..IE23

GlB..GK23
GZB..HA23
HPB:.HQ23
lFB..lG23

Adults in ocean after harvest AOAHsh,, S-RF;  h-1..4;  k-TO,Tl,TZ,T3,j-i;
j-l,a,d,l;  i=e,f,pa,a,a; y-year

. .

Adults in river returns ARM&,, s=M,F;  h-l.& k=TO,Tl,T2,T3,ji;
j-l,a,d,l;  i-e,f,ps.r,a; y-year

GLB..GM23
HBS..HC23
HRB..HB23
lHB..ll23

Adults in river harvest RHshk, s=M,F;  h- 1..4;  k-TO,Tl,T2,T3,j-i;
I-l,a,d,l;  i-e,f,ps8u,a; y-year,

GNB..GO23
HDB..HE23  1
HT8..HU23
IJB..IK23

Strays after adult passage STRYshk, e-M,F;  h- 1..4;  k-TO,Tl,T2,T3,j-I;
j - I,a,d,l;  i = e,f,pe,s,a;  y-year

GRB..GS23
HHB..Hl23
HXB..HY23

Adults left in the ocean UOsh,, e=M,F;  h-l..&  k-TO,Tl,T2,T3,j-i;
j-I,a,d,l;  i =e,f,ps+a;  yryear



N13 Winter Capacity (WC) is the carrying capacity of the subbasin for presmolts ,
during the overwintering period. The estimation of this parameter is based on the same
procedure used to estimate summer capacity.. Winter capacity is defined ,as

where terms are as, described above.

084.R87 Maturation  Rates (MRks,  for k=TO,T3 genetic stock, s=M,F [male and female
fish respectively], and h=1..4 years fish are in the ocean) are the rates at which fish depart the
ocean after some number of years and start their spawning run to the subbasin, Maturity

schedules are based on specific subbasin information to the extent possible. These values
remain fixed for a model run, though it is recognized that maturation has a genetic component
which can be altered through fisheries (Ricker  1981) and hatchery practices (papers cited in
Steward and Bjomn 1990). The maturation rates are defined in the EDT model as I

MRks, -

'1 i f  h>3 orifADks,,,,-0 w&h>1

0 if ADks,,,  - 0 wtd h - 1
131

else

I ,
ADks~,,  l (1 - MHRJ . ~PSURV, -1

l l
I ._ /

where ADks,~ for k=TO,T3  lgenetic stock, +&F [male and female fish respectively], and
h=1..4 years fish are in the ocean, is steady state age distribution (input) for by sex on the
spawning grounds; MHZ& for h=1..4 years fish are in the ocean, is the mainstem harvest rate
(input), PSURV,,, for h=1..4 years,fish are in the ocean.is  the adult passage survival (inp.ut),
OHR,,, for Jr=1 ..4 years fish are in the ocean, ‘is the ocean harvest rate (input), and OSI7RV,,.
for h=1..4 years fish are in the ocean, is the natural ocean survival (input). .

O167..S170 Broods&k (BRDSTK,,  fbr i=e,f,ps,s  release life-stage [eggs; fry, @&c&s;
and smolts respectively] and c=!..5 collection periods Epre-t-harv,  post-t-harv, spwn-grd,  fiy,
and presmolts respectively]) is the number of adult fish required. f&r broodstock ‘to achiever  the
numeric release goals associated with each release and, collection period. ‘Broodstock ,can be
collected from the river as adults during the pre-terminal, harvest stage, at the post-terminal
harvest stage, on the spawning grounds, or collected as fry or presmolts from the subbasin.
Spawners that are supplemented to the natural spawning population are imported from
outside stock and thus are not shown here. Broodstock required for egg supplementation is
defined as
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I 0 i f  YRST2  SUpDdR,

BRDSTK,,  -

I , \
I
I . MDa**

- suwm.  * i ADTO#,h-t

I, P.SPSURVHTO - I
!

i
ih - I

AOTOF, i EPFTO,  - P.SPSURvT3, 1
.A for C' 1.3 i4I'

where J’RTT  is the current brood year for calculations; SUPDUR,  for i==e,f,ps,s  life-stage
[eggs, fry, presmolts, and smelts  respectively], is the duration of supplementation for each
life-stage (input); BRDC?$,  for i=e,f,ps,s  release stage and c=1..6 collection source .[pre-t-
harv, post-t-harv, spwn-grd, fry, ‘presmolts; and imported respectively] is the broodstock
collection schedule (input as percent of each source and, release stage); SU..~, far ’
i=e,f,ps,s,a  life-stage, is the numeric release goal to be suppiemented  for each life stage ’
(input); P.SRWRvT3, is the prespawning survival rate for T3 genetic stock and fish returning
from the ocean after 1 year (input); EFPTO,,  h-l..4 years in the 0% is the number of eggs
produced per TO females (input); RSPURVWTO  i,s the prespawning pedigree relative survival
adjustment (input); BRDCYR is the percent female-of the broodstock (input); and NA means
not ,applicable for this calculation. Broodstock for the production of fry is defined as

:,0 17 YRS?  2 Sl#%UR,

BRDcs,  ’ suwmf - ,z * mofh
.

BRDSTK.*,

for
\

\ ,
.  .

BRDSTK&, - EJSlJRM3 - E.FRSA  . P.spsURvHTo  - AMOF, - uno, - P.SP.SURM3,
I

WI

where EFWJRVT3  is the egg-to-fry survival rate for T3 fish (input); and EA?SA is the egg
to fry pedigree relative survival adjustment (input). Broodstock ,for the production of
presmolts is ‘defined as

‘\
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f

i
0 if YRST 2 SlJ@WQ

1

/ I

13RDCSmp  * SUPNUM, * i ALKOF,
h-1

BRDSTK,,  - ~~=K.w

i Iw fcrc- 5

for

B#psTK,  - EFSURVT3  - E.FRSA - F.PSSURMB  - F.PSR$A - P.SPSlJRWTO’-

I
t ADTOF,  . EWQ . P.SPSUlW3,

I

(81

h - 1

where F.PSSURVT3  is the fry-to-presmolt survival rate (input) for T3 fish; and E.PSRSA is
the ‘fry to presmolt pedigree relative surviv’a adjustment (input). Broodstock for the
production of smolts is defined as

i
0 if’ YRST 2 SUFWR,

I ’
I

l#?ocs,,  - SlJhNJM~  a’ f ADTOF,
*-I .

i

II I

& for c - 1..3

BRDSTK,, - 1 BRDSTK, * BRDSTK,  * i ADTOF,  * EPIFTO, - PSPSURVT3, I, (91
h - 1

i
iRDCSv - SU’M,

3~F.PqRsa  Pssamvr3  PSsmi fort-4* . * .

BJ-%,, * supIvuM, fore- 5’ .

for

BRDSTK;, - E.FSURW3  - E.FRSA * F.PSSURW3  - F.PSSURW3 (101

and

BRDSTK,,, - PS.SSURVT3  . PS.SRSAT3  . P.SPSURVHIO (111
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where PS.SSURVT3  is the presmolt-to-smelt survival rate (input) for T3 fish; and RS.SRS is
the presmolt to smelt  relative survival adjustment (input).

3.2 Treatment Effects Section

AB13..AF20 Genetic Fitness Comnonents  by release stage (GFC,  for i=e,f,ps,s,a  [for egg, _
andj=Tl,T2,T3,l,a,d,con,inn

Tl, T2, and T3 fish; for stock source effects for local, adjacent, and
distant broods&k sources; and for hatchery culture effects using conventional and innovative
culture methods respectively]) are estimates of components of fitness in the natural

environment for salmon subjected to six categories of hatchery practices consisting of a stock
source (i.e., local, adjacent, and distant) and culture method (i.e:, conventional and
innovative). The product of these components form genetic fitness factors that modify
survival rates between life history stages. For example, if a hatchery practice reduces fitness

, by half, the cumulative, natural survival across all life-history stages will be reduced by half,
Wild fish are always assigned a fitness of 1. Genetic fitness components for each genetic
stock and culture method for fry are defined as

GFC,, - GFC,, - .v for. j - Tl, T2, T3, con, end inn ml

where the genetic fitness components GFC, are defined as 1 except as noted in Equation 13 ,~

GFCii  - GFC,,  for i- e,f,andps 113)

and for j = 1, a, and d [local, adjacent, ,and distant broodstock sources] stock source effects.

Genetic fitness components for each genetic stock and culture method for presmolts are
defined as

\

GFCpi  - GFC,, - GFC,,  - GFC,,  for j
3

- Tl, T2. T3. con,  and inn (‘141j

for stock source effects as noted in Equation 13. Genetic fitness components for adults are
defined as

GFC,, - GFC,,  for alI j , (15)
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AC34..AG63 Genetic Fitness Factors (Genetic Effects)  (GEk,~,,,LT~v,, for k=Tl,T2,T3  [for
genetic stock Tl, T2, and T3 fish], i=e,f,ps,s,a [for egg, fry, presmolt, smolt, and adult
respectively] and CULPcon,inn  [for conventional and innovative culture methods
respectively] (input), SS+,a,d  [for local, adjacent, and distant stock sources] (input), and E=t,s

[for total and .stage effects]) are factors that ‘adjust survival of fish downward  compared to TO
fish due to the effects of genetic alteration associated with supplementation. These factors are
the product of the three fitness components (domestication; stock source and culture method).
They are defined as

GFC,‘;  . GFC, -GFc, hrE- t
GEk.w~zaas~  - 116)-

I (GEki,w,,c)i  for E - s

and are used to modify survival between life history stages.

AB89..AF92 Relative Survival of hatchery fish (T3) to wild fish (TO) (RELSURV,,,,,~  for
i=e,f,ps,s,a  [for egg, fry, presmolt, smolt, and adult respectively]; CULI%on,inn  [for
conventional and innovative culture methods] (input); and SS==l,a,d  [for local, adjacent, and
distant stock sources respectively (input)] is a function of genetic and non-genetic (behavioral
and physiological changes not caused by genetic changes) alterations caused by hatchery
propagation. The relative survival for imported hatchery fish, either of adjacent or distant
stock (genetic distance), qing  conventional culture .methods  is based on the user input,of
relative survival for local stock using conventional culture as defined by

RELSURV;,,  -
I
muw~J

ow 1
. GFC,, for SS - a dr (171

where RELS~RV.,.coR,  is user input. The relative survival for innovative culture methods with
local stock is defined as.

1 1 i f  RELSURV;,
I

- (1 + pINN,J > 1

RELSUR+,  - , s/se

i RELSUR&,,,,  . (I + HINNJ

(181

_ where PmvN, for i=e,f,ps,s,a  is the percent improved performance of hatchery fish with
innovative culture (input), and the relative survival for innovative culture methods with
adjacent and distant stock is
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1 if
I

RELSURvM

I G-3 I
- OF& > 1 for SS - a.d

R{LSURl(zh,, - 1 eleb
I

RELSURV,-
GFC I

* GfG,
iJ

WI

A A 1 3  l..AE162 Total Effects (TL!$jkcVLr.L for j4,a,d [for local, adjacent, or distant stock
source], i=e,f,ps,s,a  [for egg, fry, presmolt, smolt, and adult respectively], CULY%on,inn  [for
conventional and innovative culture methods], and L=e-f,f-ps,ps-s,s-sjp,est,o,oh,rh,ap,psp,hf
[for life survival stages egg-fry, fry-presmolt, presmolt-smolt, smolt-smolt before passage,
juvenile passage, estuary, ocean,  ocean  harvest, river harvest, adult passage,  prespawn,  and
homing fidelity respectively]) is the relative survival of hatchery fish (T3)  to wild fish (TO) by
life stage and is a function of the genetic and non-genetic effects affecting  survival at each
life stage. It is defined as

for L * oh.rhhf

tbr L - oh,rh.hf

(20)

where. NGE,,,  for i=e,f,ps,s,a  and L=e-f,f-ps,ps-s,s-sjp,est,o,oh,rh,ap,psp, hf is /the  pro$ortion
of the total non-genetic treatment effectsthat occurs during life stage & (input).

3.3 Fonda  Setup Section .

AA169..AE237  (equations placed at GA8..GA23 for calculations) Smelts After Smolt-Smolt
Survival based on either a Type I, Type II, or Type III predator-prey functional response
(5%SURyF,, for +1..3 [type I, II, or III functional response](input),  k=TO,Tl,T2,T3&j  for

j=l,a,dJ [local, adjacent, distant, or imported - a place holder for adjacent or distant - stock
sources] and i=e,f,ps,s,a  [egg, fry, presmolts, smelts,  and adults respectively], y = year) is the
number of smolts surviving the effects of predators during the smolt migration within the
subbasin.

:.

The Type I functional response (Holling 1959) assumes that predators prey on migrant smolts
at a constant rate with no provision for predator satiation, regardless of smolt density (Fig.
SA). The other two functional responses assume that the rate of predation is dependent on the
density of migrants  (prey).  The Type II response results ifi the highest  rate of predation at low
prey density (Fig. Se). The Type III response results in a low predation rate at low prey

density and highest rates at intermediate densities (Fig. 5C). The techniques used to model the
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two predator responses were described by Peterman  (1977) for Type III and by Hilbom and ’
Walters (1992) for Type II.

Smolts after smolt-smolt survival based on a Type I predator-prey functional response is
d e f i n e d  a s

S~J%,” - S.SSUfiV  flu k - TO

s.sslJRvlk~,  - su4p**v - S.SsURV  - k#,, for k - T1 (12

j J, i ~J~+a=~~~V1/-I.~  fw k - T3

ml

where SNAP, for K=TO,Tl,TZ,T3j-i for j=l,a,d,Z [local, adjacent, distant, or imported - a
place holder for adjacent or distant - stock sources] and i=e,f,ps,s,a  [egg, fry, presmolts,
smolts, and adults respectively], and y = year is the number of smolts surviving in nature after
planting; SSSURV  is the density independent smolt-smolt survival (input); and &?+F~~ for
k=Tl,T2  genetic strains and y = year total genetic fitness factor (weighted by spawning T3
types) taken to the ninth root. For hatchery fish from each release stage, the smolt-smolt
survival with a Type I response function is

s.ssul?~li~i~, -
I

sI\Lpp/_*v  ’ SSSURV - Ti&Kr,.
AL4 fofi-  a

for j=l,a,dJ where if j=I, then j=a if -SS=a else j-d; for ‘i=e,f,ps,s,a  [egg, fj, presmolts,
smolts, and adults respectively]; and CWLncon  or inn culture method (input).

Smolts after smolt-smolt survival using a Type II and III predator-prey functional response for
wild fish (TO) becomes

* .

S.SSURVFT,,,  - max ’
S.SSURWdh - SIwPTos,

‘23’
1
So&,, +

. lF
k-e.,‘- c.n I
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where

S.SSlJRW,,  -

max

I
Mx96cc~cc.

F -w.” - -T sup,,1 - TO, 1,n.la
pcC62~CC*

c -w.”
.O fwF- 2

k - TO. lJZT3

1 4 - To, 1.1tn 1241
Mx%CC b cc -

c
SNAP&.“’

I - TO. SNAP,.” - I T1 - TO. l.TZl.T5 forf-  3,.TI,TTs Gpccaz*W+
I c

I,

k - ro. SOP,”I.II,lY I

for Fc2,3 [type II or .III functional response] (input); j=l,a,dJ [local; adjacent, distant, or
imported - a place holder for adjacent or distant - stock sources] and i=e,f,ps,s,a  [egg, fry,
presmolts, smolts, and adults respectively]; CULFcon  or inn culture method (input);.
Mx%CC  is an estimate of the maximum percent of the smolt carrying capacity (Cc) that cari
be eaten by the predator population (input);‘PCCB2’ is percent of CC that must be present for
one-half of Mx%CC  to be consumed (input); and E = lxlO5o.  For progeny  of naturally
spawning hatchery fish (Tl and T2), this quantity is defined as;

for @2,3 [type II or III functional response](input),  and k=Tl,T2.  For hatchery fish (T3),
number of smolts after smolt-smolt survival is defined as

S.SSURMnev  - 1 1 S.SSURW&,, (261
i - IJ i - ..f#Bzr..

for P2,3 [type II or III functional response]; j=l,a,d,I [local, adjacent, ‘distant, or’ imported - a
place holder for adjacent or distant - stock sources], and i=e,f,ps,s,a [egg, fry, presmolts, I
smolts, and adults respectively]; and ’

. .
I
I T@&.tt r.s-m

S.SSURV&.,  : 1
- ‘S.SSURM,,,  - SUS~,,
Sf@wO.”  + *

(27)

I ti fori-  (I

for R2,3 [type II or III functional response]; j=l,a,dJ where if j=I then j=a if SS=a, else-,
and CULT=con or inn culture method (input).
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AA243..AA275  (equations placed at GB8..GB23 for calculations) No Variation in Survival
After -Downstream Passage (NVADP,,  for L=TO,Tl,T2,T3j-i  for j=l,a,d,Z [local, adjacent,
distant, or imported - a place holder for adjacent or distant - stock sources], and i=e,f,ps,s,a
[egg, fry, presmolts, smolts, and adults respectively], and y = year) is one of several options
the user has to incorporate environmental variation. If no yearly variation is desired in
survival from downstream migration through the- Snake &nd Columbia mainstems, then the
number’ of wild smolts surviving to the estuary is

I
/

NVADPh,  -
I

S.ssURW$~,  . .&?&WRY  for k - TO

S.SSURVF,,v a-.PSURV  - kFF,, for k - T1 ,T2

for JRSURV  the j,uvenile  passage survival rate (input) and pl,2,3 predator-prey functional
response (input). The number of hatchery smofts surviving to the estuary is

.h’VADP,,v  - (29)

for SADP,,  the number of smolts surviving after downstream passage K=TO,Tl,T2,T3&i for
j=l,a,dJ  [local, adjacent, distant, or imported - a place holder for adjacent or distant - stock
sources], and i=e,f,ps,s,a  [egg, fry, presmolts, smelts, and adults respectively], and y = year
and

tWADPts~,v  -
S~SSLJRM~~~,~  * JPSURV  . T&~Ec~

)
Iw I for i - a

130)

for CULFcon  or inn culture method (input) and F1,2,3 predator-prey functional response
(input).

AB243..AB275  (equations placed at GB8..GB23 for calculations) No Variation in Survival
After Estuan (NVAE,,  for k=TO,Tl,T2,T3$i  for j=l,a,dJ [local, adjacent, distant, or
imported - a place holder for adjacent or distant - stock sources], and i=e,f,ps,s,a [egg, fry,
presmolts, smolts, and adults respectively], and y ‘= year) is the number of smolts surviving to
the ocean assuming no yearly variation in estuary survival. It is defined for wild fish as
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NVAE&.,  -
-DP,,, + ESURV fork - TO

=Xt.v . ESURV . kFF,, ‘for k - 11 ,T2
(31)

for ESURV  the estuary survival rate (input), and for hatchery fish as

NVAE,, -
iz,., I . Lu J‘Ah*”

(32k

for SAE,,,  R=TO,Tl,T2,T3j-i  for j=l,a,d,I  [local, adjacent, distant, or. imported - a place
holder for adjacent or distant - stock sources], and i=t$,ps,s,a [egg, fky, presmolts,  smelts,  and :
adults respectively], and y = year, the number of smoltii  surviving after estuary and .’

,

i SAD+;.,  * EStJRV  * Wi., r- (331
NVA~-,”  *

1 NA fori- a

for CULT=con or inn culture method (input).

‘AA280..AA312  (equations placed at GB8..GB23 for calculations) Variation in Survival
After Downstream Passage ( VhPka for k=TO,Tl,T2,T3&i  -for j-l,a,dJ  [local, adjacent,
distant, or imported - a place holder for adjacent or distant - stock sources], and i=ef,ps,s,a
[egg, fry, presmolts, smolts, and adults respectively], an’d y = year) incorporates yearly
variation in mainstem migration survival to -below Bonneville Dam. The variation is obtained
through an input file and was generated from a 50-year  runoff ‘record (1929-1978). The user
has an option to supply one of four input files or one of his/her 0~. If variable mainstem
migration survival is assumed, the number of wild smolts surviving to the,  estuary is

VADPtey  -

,’

S.SSURl&,,  . VFAS fork- TO ‘\
WJ-

S.SSURM,, - WAS . kff& for k - Tf .T2

for SPAS the juvenile passage variable survival rate (input file) and.F=1,2,3 predator-prey
functional response (input). The number of hatchery smolts surviving to the estuary is

,
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VAD4.v - C 2 Moe-i.,
/ - 1.8 i - a.1C.m.a

1351

for SADP,, K=TO,Tl,T2,T3j-i  for j=l,a,dJ  [local, adjacent, distant, or imported - a place
holder for adjacent or distant - stock sources],, and i=e,f,ps,s,a [egg, fry, presmolts, smoits, and
adults respectively], and y = year, the number of smolts surviving after downstream passage
and

VADPi+,”  - I SSSURWi+v * WAS * T&LT;P

AM hri- a

WI,

for CULI%on  or inn culture method (input) and P1,2,3 predator-prey functional response
(input).

AB28O..AB312  (equations placed at GC8..GC23 for calculations) Variation in Survival After
Estuary (VA,!&,  for R=TO,Tl,T2,T3j-i  for j=l,a,d/  [local, -adjacent, distant, or imported - a
place holder for adjacent or distant - stock sources],’ and i=e,f,ps,s,a [egg, fry, presmolts,
smolts, and adults respectively], and y = year) is meant to encompass all other influences of
environmental variation on survival. This variation in survival is based on a log-normal
function, and for wild fish is defined as

I MDP,,, * lkST fork- TO 1371
VW, -

I =0&v . VEST + kFF& for k - Tl,T2

for VEST the variable estuary survival rate (input file). For hatchery fish, the variation in
survival is deftned,as

'Wa, - .C -4,L I TO, 1,1a,13

for SAE,,,  K=TO,Tl,T2,T3j-i  for j=l,a,d/  [local, adjacent, distant, or imported - a place
holder for adjacent or distant - stock sources], and’i=e,f,ps,s,a  [egg, fry, presmolts, smelts, and
adults respectively], and y = year, the number of smelts  surviving after estuary ‘$nd
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I
VA+, - I

SADp,-,,  . VEST - W:iwrrr (39)
iu4 fori- a

for CULT=con or inn culture method (input). _

3.4 Computation Section

AZg..BG23 Adults RetuminP to Subb,asin (ARSsh,  for s=M,F [male or female]; h-l:.4
years fish are in the ocean; K=TO,Tl  ,T2,T3j-i  for j=l,a,dJ stock sources [&a or d stock
sources (input)], and i=e,f,ps,s,a  [egg, fry, presmolts, and adults respectively]; and y=year) is
initially seeded by user defined numbers of returning adults. The initial seeds affect the model
results for the first seven years (or time-steps), thus placing a minimum of at least 10 years ,
before model results are applicable for any type of qualitative (or quantitative) analysis. The
number of adults returning to the subbasin is a function of the broodyear  for each returning
age class defined as y-3-h+]  where’y is the current year (or time-step). Thus, the number of

, adults returning to the subbasin  for the TO genetic stock is defined as

/ U?S+,m . ADTOs,,  for y - 3 - h l 1 S 0

ARS=‘+o,,  - 1
else I401

1 1 AR~&.y+~.,
I I

_ RH&,-J-h,, _ sTRys~‘hY-~-*~~-Y, 1 * PSURV,

for srM,F; h=l..4 years fish are in )the ocean; IRTS,,, for s=M,F, k=TO,Tl,T2,T3, and
SS=l,a,d stock sources (input), the initial returns to the subbasin (input); ARRshb  is the
number of adult in-river returns to the Columbia River (defined later) ; RHsh,  is the adult in-
river harvest; and STRYsh, is the number of strays to other subbasins after adult passage.
For the other genetic types of natural production (Tl and T2), the number of returning adults
is

I
I

IRS+, -ADTOsh  f o r  y - 3 - h + l  SO

AR-t., - f
e & e (411

1 1 ARRsh,,,+,:,  - RHsh,,,+,.,  - svys&a+l
II I)’ s.y-3-h*l

1 . PSURV, . k~,,~-,  ++,

for k=Tl,T2;  s=M,F; h=1..4  years’ fish are in the ocean; and KFI;,, the ninth root genetic
fitness factor. The number of adult hatchery fish returning to the subbasin is defined -as
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ARSshrs.v  y ,&, . 1 AR-b-., 1421
, a - l .fmPC.m

for s=M,F; h=1..4 years fish are in the ocean; and

ARSshl_., -

AM for y-3-h+ 1 S 0 and i - e,f,ps,a

#tS+J*ADT3sh  for y-3-h+lSO  end i- s

e&e

I
ARJW-i,y+~,,  - RH+~,~-w.,  -

STRY.~-J.~+-~+,-
Vh - Tel 1

- f=JW - T&xttr~
i.aw~

for s=M,F; h=1..4 years fish are in the ocean; j=l,a,d&  and i=e,f,ps,s,a

AZ24..BG24 Initial Ninth Root Genetic Fitness Factors (kl.&,Y for K-Tl,T2  and y-year)
are the initial ninth root genetic fitness factors applied to the seed adult returns to the
subbasin. Ninth root genetic fitness factors are simply the ninth root of the genetic fitness ,’
factors (GEkIccILr,ss,E) because the reduction in genetic fitness of Tl and T2 fish is spread
equally across nine life stages (thus the life-stage specific genetic factors are all ‘equal and are
multiplicative). The initiul ninth root factors are applicable only during years when seed (user
input) returns occur. After that the kEF,,  factors (defmed later in (Equation 91) are applicable.
The ninth root fitness factors are used at this point-in the sprsadsheet to mod@ the
grespawning survival  rate of wild progeny produced with either one or both parents from
hatchery stock. These genetic factors are defined as

I
1 A-+.,,  * =k,mi.t

!--f!i!F

k&h,  - i
c ARSshl,”

for y-3-h+l  SO

/.-A;

I else

I -u.,

tw

where klF’,y  is the applicable ninth-root fitness factor after the initial seed years.

BH8..BH23 Adult Plus Jacks Returning to Subbasin (ARSJ’&,  for tiTO,Tl,T2,T3&  aud
y-year) is the number of all aged adults plus jacks returning to the subbasin and is defined ’
for wild fish as
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ARSJ+-  URSMl,,  + ARSFl,,$ * JESPTo  + 2 A’-%.
.“I fi:

Mu

for k=TO,Tl,T2 and .ZE!P’,  for k=TO,T3,  the spawn efficiency of jacks (input). For hatchery
fish, this is defined as

AR%.”  - ,2,,  ,J-* AR%v t481

and

4

ARS.J,  - URSfWie,,, + ARSFl,J  - JESP,,  * .ESP,  + c A RSst+, 4471
h-2

s-&F

for i=l,a,dJ and i=e,f,ps,s,a.

BM9..BR23 Broodstock Removal Limits’ (BSL’;,v for rc1..3 REM [three time periods for
collecting broodstock within the subbasin: 1) preterminal harvest, 2) post-terminal harvest,
and 3) on the spawning grounds]; k=TO,TS  [here TO represents the num of all natural fish;
i.e., TO, Tl, and T2 fish], j-i forj=l,a,d,I [local, adjacent, distant, or imported - a place-holder
for adjacent or distant - stock sources], and i=e,f,ps,s,a;  and y=year) are the limits placed on
the removal of wild and hatchery .stock  for the production of broodstock at three possible
removal times (pre- and post-terminal harvest and on the spawning grounds). The broodstock
limits are defined such that wild stock are taken first and are supplemented with hatchery
stock only if broodstock requirements cannot be met with wild stock alone, and as provided
by the broodstock policy that is defined. User defined limits to the percent of the total and
natural run that can be removed affect the number of hatchery fish that are used for .
broodstock production. The’broodstock limits for wild fish are defined as

,-
=L5,*,  - BsL*, - p&3*, (46)

1 The following section reflects how computations were performed in EDTM2.0;  equations
described here have not been updated for modifications in EDTM3.0.  Contact Larry ,
Lestelle at Mobrand  Biometrics if a detailed description for EDTM 3.0 is needed.
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where

1 SRDS7XiJ
=Lf.:, -

i - l .f-

149☺

min ’ 1 i SRDSTK,.,  , EN+,- ‘$’
b-.,l.pw  .-3

ARSJk,  e BSL, -
c

A-4,
t-m. I.T-2.c) b- mm 1

for

I Mx%vTcI,  ifyear<BCY,+  1

BSL,, -
IMx9bUTRu #yeer<BcYz+  1 (60)

I

eke

0

where Mx%UITRO  for t-1,2, is the maximum percent us&d of the total run for two time
periods (input); BCY, for t-1,2 time periods, the years each of two policies are conducted
( i n p u t ) ;  &d

SSL-  -
Mx%UN&  ifyeer<CICY,+  1 Sib

x
e&e

0

where Mx%UNR,  for t-1,2, is the maximum percent used of the natural run for two time
periods. For hatchery fish, the broodstock limits are then
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i -, 1 M4bNSS,
1

ifyear<SCYc+ 1
I

8sbn., I (62)
- 1 wb.,, - min ARS4s.v ,’ 1 - M%NBs, ifyeer<SCY,+  1

I
[ARSJ..I + e 1

I

e/se

0

where Mi%NT&S,,  for t=1,2  time periods, is the minimum natural brqodstock used for two
time periods (input) and

A=!, - c
ARSJ&,  ’ j (63)

1 - m 1.T2.13

BT8..C023 Adults After Broodstock REM 1 (see Footnote 7) (AABSlsh, for FM,F
[male or female]; h=l..4 years fish are in the ocean; k=TO,Tl,T2,T3j-i  forpl,a,dJ  [local,
adjacent, distant, or imported - a place holder for adjacent or distant - stock sources], and
i=e,f,ps,s,a [egg, fry, presmolts, and adults respectively]; and y=year) is the number of adults
remaining in the subbasin after the first broodstock collection phase. For wild fish returning
after only one year in the ocean, this is defined as

max ’ 0 , ARSd,,, * XSPTO.  1 -

I

SRAT  SSllw,

IAAssls1*,,  - 1
A-1 Ii

ifh6%NSS,-  0

CA-k,+=. 7 641

eke

imax ’ 0 , ARSsI,,, .
I

JESP,, .

I

i L

l-
SRAT- SSLl,*,

i 1
t

i ARSPI?.,j  -
IA..  1

ARSS h.v

for k=TO,Tl ,T2; the sex ratio SRA T = 1 - BRDCSR for s=M else SRA T = BRDCSR, BSLh,,
the broodstock limits for REM L-l..3 and pedigree k,

A&h,, - C ARSh,sv  , 166)
‘ - TO,Tl,T2.13

for s=M,F; h=1..4  years fish are in the ocean; and Mi%Ne, the minimum percent of natural
broodstock used for time period 1. For all other wild fish, _
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AABSlsh,.,  -

,

maxro,ARSsh,,,~ 1 - 4’I
sfu T ’ Bsl‘l.,,

II if #6’%NBS,  - 0

1 I i -1

a&s
fSW

mdx r 0 , AR%,,,  - 1 -
MAT- BsLl,, \

1 I:, ’ I 1
- ARSsl,,  * XSP,,, * JkPm - 1 AM&,.,  l =

for AL&F;  h=2..4; and k=TO,Tl,T2. For hatchery fish; the number of adults remaining aRer
the first broodstock collection phase is

and

I 0, ARSsl,, * JESP, 4ESPn. 1 ‘.1 - fwT’ =“..” 11 #fiN&fS, _ 0

1 I ,x1 ARW,v + e]]I

max !'O , AkWn,y - asPpJ * JEsPm  * l-

I
- :

I
maxrO,AR~h”/ kbw%N#s,-0

j
! 1

AAB.ws~*,  - I eke _ (58)
I

maxrO.ANs&,,~  1 -
SR#jT - BsLl,, 7

I ! 1
A’=%., --xd=%+‘[~2  A-r+ y

for  h=2..4; and
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AABS’ls&,  - AR+-& - AABS ‘+a.,

ck . TO. 1,12,n

ARSJ,, l E 69)

for r=IM,F;  h=1..4 years fish are in the ocean; j=l,a,dJ;, -$e,f,ps,s,a

CGS..CQ23 Adults After Terminal Harvest (AATHshb for s=M,F; h=1..4 yearsfish are in
the ocean; A=TO,Tl;T2,T3&i;  and y=year) is the number of adults of all age classes remaining
after the terminal harvest For natural fish, this is defined as

AA wk., -
AABSlsh&,  .

I \
14

AABS’.,,  -
1

HRBp *
1 - msx hW.WR , HRERP  - - r1~T2

E
AABS’..,,,

#WV- 0

1 1 i- Tl.l-2 (66

els*-

for,R=TO,Tl,T2; h=1..4 years fish are in the ocean; ?M,F; MZ@? the minimum harvest rate
(input); HREBP the harvest rate in excess of the breakpoint (input); ,J3RkP  the han& rate
breakpoint (input); HARV. equal to 0 (random) or 1 (hatchery fish harvested only); and.

7

AABSl..,,  - hi, AABSlsht,
.-MI

(611

For hatchery fish, the number of adults remaining after the terminal harvest is defined as ’

I I
1 AABSls&,,  -

- HRBP

I

G E1 - max MW?,~HREP~  - F’*n
AABSl..,,”

‘ I

,’
~THsh-,.”  - 1

1 1 2 An
AABS’..,,,

&,-- x

!
eke

~Wsk2.y  - I1 - maxrMJwR,HREBP. AABsl..+&.  - HRBP
I 1 ~~‘-2.v II

.I

_,

, for h=1..4 years fish are in the oceti;  s=M;F; and
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AA~s’$i,”  A=SJ+

k . TO. l,l2.l3
A=+

-,

for h=1..4 years fish are in, the ocean; s=M,F; j=l,a,d,&  and +e,f,@,s,a 2

CR8..DB23 Adults After Broodstock REM 2 (see Footnote 7) (AABS2sF,, for s=v;
h=1..4 years fish are in the ocean; R=TO,Tl,T2,T3$-i; and y=year) is the number of adults of
all age classes remaining after the second broodstock- collection phase (post-terminal harvest).
For wild fish, this is defined as

AABS2shkvy  - eke

AA THsht,  . I l-
SRA T - Esl2T,.”

GJ AAlHS.☺*,  l B

- O,ll.T2 I I
164

for s=M,F;  h=l..4 years fish are in the ocean; k=TO,Tl,T2;  BSL2,  the,  broodstock limits for
REM 2; and

AA THs.,, -

For hatchery fish, the number of adults remaining after the second broodstock collection,
phase is defined as

~=2&3., -

maxlO  ,AATHsh,,*  1 -1 . I

SRA T - 8sL4,

c
AATHS.,,  * 8

i - TO, lJ2,lY 11.ifbdbl@S,-0

eke

.max:O  ,AATHs&,,-

for s=M,F;  h-l..4 years fish are in the ocean; and
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AABS2Shj+,y  * ARS+i.v - A--f$2#

a;
ArssJ,,  + 8 _

1671

kLT 1,12,l3

for s=M,F; h=!..4 years fish are in the ocean; j=l,a,dC;,  and i=e,f,ps,s,a.

DE8. .DN23 Adults After Presuavmine  Mortalitv  (AAPSMsh,‘  for s=M,F; h=1..4 years fish
are in the ocean; R=TO,Tl,T2,T3j-i;  and yyear) is the number  of adults reniaining  after
correction for a prespawning mortality rate’ and genetic and environmental factors. For wild
fish, this is defined as

AAPSMS&,,~  - AAE@s~~  - P.spsuRMo, ma

for s=M,F; h=1..4  years fish are in the ocean; and

AAPSMshk,v  -\ AAw2sh,,  . P.bJlWTo,  * k1flea.y

for k=Tl,T2;  s==M,F;  h=1..4 years fish are in the ocean; and kII?Fga  initial’ninth  r0ot. gen&
fitness factors for k=Tl,T2.  genetic stock; h&l..4 years fish are in the ocean; and y=year.  For
hatchery fish, the number of fish remaining aft& a correction for prespawnmg  mortality is
defined as

~PSJlw3.,  - 2 c ~p~f$+,; (701
j - IJ i - ..‘,p,.,a

for s=M,F; h=1..4 years fish are in the ocean; and

AAPSIwJ’hi~”  - AABszshl_.,  . P.SpSURvTO,  * ‘g,,, , J71)

for s=M,F; h=1..4 years fish are in the ocean; j=l,a,dA i=e,f,ps,s,a; and CULZ%on or inn _
culture method (input). /

DP8..DZ23 Adults After Broodstock REM J (see Footnote 7) (AABS3bhQ foi &qF;
h=l..4 years fish are in the ocean; k=TO,Tl  ,T2,T3j+;  and y’year) is the number of adults of -
all age classes remaining after the third broodstock collection phase (on the spawning
grounds). For wild fish,’ this. is defined as

EDT Model / Patt III - Theoretical Dwumentcdion’
MC&J ,1994 / &age  86



‘1 AAPSMkh,,,  .  1  -

I

SRA  T * ‘kSL3,,

I F
A4PSMs.~*,  + 8

1 ifM%NBS,  - 0

I - lo, l.T2,l3 I

AABS3shk,  - I
e&e wt

I SRAT * Bs&,
I + 8 I

for s=M,F;  h=1..4 years fish are in the ocean; kTO,Tl,T2;  BSL3,  the broodstock limits for
REM3;and

AAPSMQy  - ,t , ~Psll(sh,,
(731  \

I _I

For hatchery fish, this quantity is defined as

maxlo  ,AAPSlw&.

1
[,-+]]Hm-~-o (741

&a

max;o.AAPsMsh&  l- .jfjpSm
I

SRAT- BsLh,
IIl.f##“8

for s=M,F;  h=1..4 years fish are in the ocean;,and

AABS3Shjmi,*  - UP-‘+, * A-=%*,
AAPSMshQ  + 8

for s=M,F; h=l..4 years fish are in the ocean; j=l,a,d,&  and i=e,f,ps,s,a

EAS:.E123 Suawners  in Hatch& Prior to EPJZ Take (SPHshk,,  for pM,F;  ,h=1..4  years
fish are in the ocean; k=TO,Tl,T2,T3j-i;  and yTear), is the number of adults of all age
classes in the hatchery to be used for egg production. For wild ‘fish returnins  from the ocban ’

after only one year and collected as broodstock, this is defined as L
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SPHsl,~, -
I

ARSsl&, * JESF$,  * JES& -
I I

l AA rFlsl,*, + AAPSMslfi.,
I 476)

* P.SPSURVT3,  . PSPSURWKO

for s=M,F; k=TO,Tl,T2;  and RSJ?SURVKTO  the prespawning survival of TO fish in the
hatchery (input). For all other age classes, this is defined as

S#fshk,,-  [ ARSsh&,-  [ ,f, AA=she,,.]+  a*~&+A’-%.]

- P.SPSlJRVT3,  . i.SRSURvuTO

for s=M,F; k=TO,Tl;TZ;  and li=2..4  years fish are in the ocean. For hatchery fish that eitb+
returned to the hatchery normally or strayed and where collected as broodstock,,this  quantity
is defined as

-.

Sl=wsl, - I
1
ARSs& * XSP, - JESP, - 2 A==&

I
+ AATiksl~*,  + AAPSMsl,,

,-, ‘, I 1781

I
. P.spsURMS;

f o r  &,F; a n d

I
SPMn,,  - 1 A=*ka,, - I ; ‘* 1

li- I
AABsi&,,  ] + ANw&+ ~P~h+k2., 1 - P.SPSURw3~~ (791

: ’
*

for &V&F; and h=2..4.

EJS..ER23 Soawneis in Nature Prior to Soawning  (SpNsh,,  for PA&F; h=1..4 years fish
are in the:ocean;  k=TO,Tl,T2,TQ-i;  and y=year) is the-number of wild ad&sand  any
hatchery strays retuniing to the spawning grounds. This quantity js ,d$itied as

-,

SPNsh,,v  - AABs3Jh,, I601 -.

’for s=M,F;  h=1..4 years fish are in the ocean; k=T&Tl,T2$-i;  and
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s=fk%, - z c .‘*=yP” (811i-* i-a.&

for s=M,F; and h=1..4 years fish are in the ocean.

ES8..ES23 Total Number of Males in Nature (T&MIVb for k=TQ,Tl,T2,T3  and y&ear) is
the total number of males on the spawning ground prior to spawning. For wild fish, this is,
defined as

for k=TO,Tl,T2. For stray hatchery fish, the total number of males on the spawning ground is
adjusted for a maximum percent ‘of strays allowed in the natural escapement. Thus, this
quantity is defined as

i
TNhWra.,  - !

1831

where Il+Kx%T3E,  for +1,2,,  is the maximum percent of T3 fish allowed in the natural
escapement for two time periods (input).

EW8..EW23 Total Number of Eggi in Nature (TNEN,,  for k=TO,Tl,T2,T3j-i  and y=year) ‘-
is the total number of eggs produced on the spawning grounds. .For wild fish, this is defined
as

/,
’ iNENaa,  - i “““““““““”  - SFYWh,., 184 ’

b-1

.’

for k=TO,Tl,T2.  For stray hatchery fish, this quantity is d&fined  as
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/ m~,rsFTaAeSFhm,  ,’ ’ifMx%mF,-  1

I elka . ms)

TNmk”

and

T-y-i., - -& s?z.kv  + 8
k . lo. l.TZTs

where

SP6.v  - j , =‘W.v.
. - Y.F

cssr

187)

FAS..FEll Scenario Matrix (SQL& for k=TO,TI,T2,T3; l+TO,Tl,T2,T3;  and y=yeai) is
a matrix that determines the number of zygotes produced.fiom wild and stray hatchery fish on
the’spawning ‘grounds. The EDT model assumes random mating of hatchery ‘and wild’-
spawners in nature, thus the number of zygotes of eqh genetic stock is determined by the
proportion of each type spawning (i.e.,

=f.-k#., -
TNGVk,,  - TNMN,,,,

c,i- To, l,l2,T3

TNk& l 8

for each k-k’ pair. ‘-

FI9..FKlO Weighted Genek Fitness Factors (see Footnote 7) (kIQ$  for k=Tl,T2  and
y’year) ,we brood year specific genetic fitness factors akgned’to  the genetic, types produced
that year based on the relative kntributiqn  of the w&i&s sub-types of hatchery fish present in
the spawning population. These factors are defined as
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for CU..7kon  or inn culture method (input) and &a or d stock sources (input).

REM Factors (see Footenote 7) @RF, for kkTl,T2  and y’year) regulate (or
set) the ninth root genetic fitness factors when Recovery Scenario 2 or 3 is operative and
supplementation has ceased and thus there are no hatchery fish present on which to calculate
‘the ninth root factors. use of the REM factors assumes that fitness of Tl and T2 fish stops
changing after T3 j fish are no longer present (so no improvement of fitness from that point on
occurs). They%  are defined as

I oxyew<

kRF,,  -
1 kRF, if SCEN > 1 end kFF, < kRF, and kFf, - 8
( mol

eke

kffv

where SCEN  is the assumed genetic recovery scenario (input).

FL9..FLlO Ninth Root Genetic Fitness Factor (see Footnote 7) (kI?F”8 for k=Tl,T2  and
yyear) is calculated as the ninth root of the weighted genetic fitness factors and is used to
distribute the genetic effects on survival across nine life stages. The factor is defined as

,
I ‘3
1 (kRF,)O  if SCEN > 1 and kFF, - 8 and kRF,,  > e

kF6.v -
1

else

I
I WFj

(911

FF9..FF-12 Potential Zvkotes in Hatcherv  Before. Egg Play@ (KZHkg  for k=Tl,T3  and
y=year) for progeny with one wild parent is defined as

PZH,,.,  - 192)
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,

and for progeny from hatchery stock as

pw5.y - j, -w5.v* -3h (931
I

FGl  1 ..FG14 &s Planted (EP,, for k=T3,1-e&e and y=year)  is the number of eggs
produced in the hatchery that are planted in natural spawning are&. This &a&ity  is defined
as

0 If yeer > SUPDUR,  or if SUPYWM,  - 0

EPra.v - e&e l-1

m i n  SUPnUM..SRDCS.~*S~pyvwW,+  -[OVA&]][

where

Ep,, - PwTt.v  + cars.,  -
( 1 - &fRDCS,,,  . SUPNUMt  - ; -BRDSTK,  .GT. 0

ia-1
tatmA

(1 - mDcs,,) * SUPNUM,  - (9BI
-

tsmnP13*

for (X .GT. Y) equal to 1 wheq true and 0 otherwise and BRDCSt, is the broodstock
collection schedule for imported stock i=e;f,ps,s,a  (input);

EJ=&.” - E&5., - @L”

and

I 0 if year > SUPDUR,  or if &WWUhl.  - 0

E&v -i else
(971

I MD=..5 . SlJPWtJM~ \
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FH8..FH14 Potential Zygotes in Nature After Ege Planting (PZNAP,, for k=TO,Tl,T2,T3,1-
e&e and y=year) is the number of zygotes produced naturally and from egg supplementation.
For natural fish, hihis  is defined as

and

k. &,, ,# .s;i,,.,,  sMk-kt*”  Iv s- - ’
Sry,,,” ifsem- 2 lsw

PZiwP,”  -
eke

1 j SMTO-TO.� + srym., l S&o-TV.�

PZ~&.” - S&-m� l S&-T,, + S&-n,*  l SlyM.�  + pmp-
(W

where

I sry3-r2v
I
1 ( k mq,,, k, zo,,,  ‘s&-k’,”  ] + -b-T,,” + s%0-12,”  + ‘&l-,” it ‘- - 2

I
,;. f’e,

I
e4e -. .,,‘,

-I =fr,-TO.” + S&-T,.,  + sM,,-72�  l =fro-a�

and ,

:

.I

’
sh&-m,, if q- - 1

pzrua&” - I ‘eke
VOlI

I Sh-n,, + S&pT,� + �swtwa.� l ~sMr2-T2�

-_

.,For hatchery produced zygotes (T3 type), this qu,antity  is defined ‘as

pmpk.”  - =,k” c102,

for k=T3,I-e,I-e.,
_’
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FN9..FNl2  Frv i n  HatcheryBefore Frv Plant (ISkg for k=Tl,T3  and y-ear) is the number
of fry produced in the hatchery from broodstock that were collected. The number of fry
produced from either one or both parents of wild stock is defined as

FH,,, - [ PZ&~-
I I

m ‘Tgn,, + s] - (EPmv - FH,, )I - EJSURM3 -E+
11.”  + (‘03’

where EJl?,SA  is the egg to fry pedigree relative survival adjustment (input) and

I
I

0 if yeer  > SliWl& or if SURWUM,  - 0.

RI,,- eke m4

I ~-4 * suP#M.

The number of fry produced from hatchery’ stock is defined as

FH,,” _ 1 p#TJ&, - p
I I ~11,” +

pyGm” + J - 1 Ep,, - fflm I] * E.FsuRur3

FOll..F016 Frv Planted (JPkY for k=T3,1-f&f  and y=year) is the number of fry produced
from broodstock and planted in the target streams. All hatchery produced fry are considered
T3 genetic stock. This quantity is defined as

I 0  Iyeer>suwu~orifsuP@uhl~-

Fp,,” - 1 eke

jmi~~supNvM,,BRDcs,.~M,+~msx[o.Fp,,~~

(low

where
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FpvbJ- k -T,,,,  wb l min ☯ M⌧%uNR, � k _&T,,  mpk.� � ; .F;.,,  BRDsrI(, ]

(1

(107I

(1 - /

FBERWVT3

and Mx%~.., is the maximum percent used of the natural run for time period 1 (input).
Hatchery produced fry from local and imported broodstock is defined as

-I-t* - m3, - mf.” /low

and

1 0 if yeef  > SUWUR,  or if SUMKJM,  - ’ 0

8’
m-8,” - 1 ,elw

1 B&s‘, * slmfum,

FPS..FP16 Frv in Nature After Ftv Planting (EIV..Ps,  for kzTO,Tl,T2,T3,1-e, . ,,
I-e,l-f,Z-f  and ysyear) is the number of emergent fry in the streams from all sources. For wild
fry (excluding T3 fish), this quantity is defined as

E.FSURyFO  *

~plo,” - I P~4O.V

ct k l TO.

pzunpk., +, = ’I
k-T&,;nn-Pz,  ,

l.K?.TS I
I

EJWtRVra- -4”
l* 1.12,3

I I

Illot

for RICC the ratio of the incubation capacity to the, smoit carrying capacity (input) and CC
the smolt carrying capacity (input) and
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I PZ&P,,+  - kff.,
1.

E.FSUiWO  -
T =f@+*“r

fm pk., - I l TO. 1.T2l-3

c
PZAL4Pi,  + eji - 10.n.12l3 ’ - I , +

I

EeFSURlhO -
c pm4

/ l To. 1,np

. 1

for k=Tl,T2.  For hatchery produced fry, this quantity is defined as

FW,SIP~~~~  - rm~&.,,  + fi’M-..v + FpTs.v  + * n12t

where

FiU4Pi-,*v -

(1111

Ill31

for j=l,I;  I=a or d stock sources (input); and CULY%on  or inn culture method (input) and

mpk.”  - &” (1141

for k=l-f&f.

FQ9..FQ12 &y in Hatcherv After FW Collection (E&I CkJ for K=Tl,T3  and y’year) is the
number of fry in the hatchery from hatchery reared eggs z@d from local and imported stock.
For progeny of one wild and one hatchery fish, this qutitity is defined as

m.G,., - f%,.)r - 1 * v43.” - RiAC,,) + fflAC,

. + “1

where

(116)  ‘I
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and

mxc, -

0 ‘if yeer > SUfDlJR,  or if SUpIvUMf  - 0

elk.
(1’W

I BRDCS, - suPNuM,

0 # yeer > m6x  [ SUWlJ&  I suwuq

eke
1 1 1 7 1

k-

For progeny of hatchery stock, this quantity is defined as

~JG3.v  - m3.v  -
I

ffll3.V

T mk.v’  + e I
* ff4s.v - fflAG+s,  1 ~118~

1. t.TS

FRS..FR16 Frv in Nature After Frv Collection (R@ Cty for k=TO,Tl,T2;T3,1-e,  I-e,l-fJ-f
and y-ear) is the number of fry remaining in nature after the removal of fry for later
supplementation. Fix wild stock, this quantity is defined as

RUIC,,,  - FIIM~~~,  -

I

ycIu . Mlapk”

i-&T3 m4.v l e

(l’s1

for k=TO,Tl,T2. For hatchery produced stock,‘this  quantity is defined as

wck.” - wpk.” 41201

.

f o r  k=T3,l-e,&e,l-f&f.

FS9..FSll  j?resmolts in Hatchery Before Planting (PSI,, for k=Tl,T3  and yyear) is the.
number of presmolts  produced in the hatchery from local and imported tick. For progeny
from one wild and one hatchery fish, this quantity is defined as I
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PSH,,.”  - ~~G1.v - F.PSSURVB  * F.PSRSA 11211

for ER!i’RSA  the fry to presmolt pedigree relative survival adjustment (input). For progeny of
hatchery stock, this quantity is defined as

pw3.v - %‘AC& * F2SSURRvT3 41221

FTl l..FT18 Presmolts Planted (PSP,,  for k=T3,Lps,.&ps  and yyear) is the number of
presmolts produced in a hatchery and released in a target stream. For hatchery produced
stock, this quantity is defined as

PS&,” -

where

0 ii yew > SUWUR,  of if SUPWUM~  - 0

e&e

min I SUPNUMp  , RROCSp,#  - SlJPNUM~  + max [ 0 , PSP-

w3)

4 1

PSP& -
E

PSH,, a
k- Tl,T2 i - l .f,pma

t f - BRDCS,,~  * ShVlJM~ . ; BRLXSTK,  .GT. 0I, 1e-t
PS.ssoR

1124

For local and imported stock, this quantity is defined as

PS&“#.”  - ps43.v - Pw”s.”
‘x,

ww ’

ind
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I 0 if year > SUWUS or if SUPNUM,  - 0
(126)

p-i-pm.”  -
I

e&e

I -9x.6 * SUtVUUMp

FVS..FV18 Presmolts in Nature After Planting (PSNAP,,  for k=TO,Tl,T2,T3,[ie,  I-e,l-fJ-
f,l-psJ-ps ‘and y=year) is the number of ptesmolts  in natureWfrom  ail sources after
supplementation. For @id stock, this quantity is defined as

PSNAP,” - - FPSSURMO

where

FpsIwp,,  _ , l -=To,, � s�c����� + k -
- ‘k.” 6 FPSSURVTO  * kff,,

I☺Z

S C

11271

1123)

( Jl,l i F*.f
Fh21c,~L,  -’ F+SURWO  * T&ilmr.+,.

+ 1
SC

for CULI%on  or inn culture method (input). For presmohs hatched in the wild with either
one or two stray hatchery parents, this quantity is’ defined as

PS/u4Pk.”  - - ck, - APSSURMO  * kW6,,
p-=Lcds

1'23l

for k=Tl,T2.  For hatchery stock, the number of presmolts in nature after supplementation is

PS~PT,.”  - /Z,*, i-c,,, ps~4-L” + e ,
-.

11301

where

“ac,,, - F.PSSURW’O  . ~~~.amr.t-,,
PsMhq-,”  - __ PSFAP&&

for j=l,I and i=e,f; and

1131)
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PSNAP,,”  - PSPk,,

for k=l-ps,Z-ps  and CULII%on  or inn culture method (input).

FV9..FVll  Presmolts in Hatchers After Collection (PSHAC,, for k=Tl,T3  and y’year) is
the number of presmolts reared in the hatcher and collected for later supplementation. For
progeny of one wild and one hatchery fish, this quantity is defined as

PSHAG,.,  - f’%,, - PSYX”
c pwk.v l � 1 - (PSP,, - PSHAC,, + PSHA C, )

k - l.TS

where

I 0 if year > SUWUR,  or if SUpN(uII,  - 0

PSHAC,, - I else

I BRDcs,,6 - SUFWUM~

r’w

and

-I
I-

PSHAC,,, - 1

O if yeer > ma% [ SUWUR,,.  , SUWURJ

eke: ‘mst

psNApk,  *
1. ETl,TI

C BRDSTK,
i - ..f#m.a 1

For progeny of hatchery stock, this quantity is defined as

PSHAG.,  - PSh.” - I
PSH,,”

c
PSH,, + e

’ - (PS&,  - PSrraL,,  )

tk- 1.73 I

FW8..FW18 Presmolts in Nature After Collection (PM> C,.. for k=TO,Tl,T2,T3, l-e,&e,l-f,&
f,l-psJ-ps  and y’year) is the number of presmolts remaining in nature after presmolt
collection for later supplementation. ‘For wild stock, this quantity is defined as
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PSNAC,,, - PSNAP,,  - PSNAC,, (1371

for A=TO,Tl,T2  and where

PSP,,  - tin Mx%UNR,  -
[ z

PsIwP,,v  .
t- Tl.T2

c BuOST.q,
i - ..“par I-

PSuaP,,  * (yeaf.LE.max[SUPWR,,SUPDUR,])
(138)

E-
PSlw P&,

I - n n

For hatchery reared stock, this quantity is defined as

PSh%C,.,  - PSNAP,,, 11391

for k=T3,1-eJ-e,l-f$f,l-pssps.

FX9..FXll Smolts in Hatcherv  Before Planting (SH, for k=Tl,T3  and Y=year) is the
number of smoits reared in the hatchery. For progeny of one wild and one hatchery fish; this
quantity is defined as

w,,, - PsHn G,, - PS.SSURV&~  PSSRSA 11401

\ for RUV?M the presmolt to smolt pedigree relative survival adjustment (input). Por progeny
of hatchery stock, the number of smolts reared in the hatchery is defined as

SH,,, - PSHAt&,,  . PS.SS9VrS (1411

FY 1 l..FY20 Smolts Planted (SP,, for k=T3,1-s&s and Y=year) is the-number of, smolts
released in the subbasin and is defined a~ ~’

,

1 0 if yeer > SlJ#UR, or IY SlJpNuM,  2 0

SPTS.”  - f else (142)

j ~ -& S4.y + of’-... * Su~UN
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’For local and imported stock, this quannty  is xdefined  as

sly-.,,  - SP,Q - %.,”

se..,  -
0 if yeer > SUPWR, or if SUPYYUM,  - 0

else

SROCS~ * SUFWU~

(144

FZ8..FZ20 Smolts in Nature After Planting (SNAP, for EF=TO,Tl,T2,T3$i;  j=lA
i=e,f,ps,s;  and’y=year)  is the number of smolts in the subbasin from all sources. For wild fish,
this quantity is .defined as

PSMC;,”  - PSSSURVTO
So&., - SMP-

ww

where

csrvap,,  _ , + p=‘=+o.,  -J$.=JRwQ  + k -
PStUC,,  - PSSSURVTO  - kFFF,,

1.n
WC

!
c c PS~Cj-i., - PSSSURVTO  * T@t,urrm-.

+ j - I.1 i - l .fp I
W C

(146,

for CULI’%on  or inn culture #method  (input). For the progeny of either one or both parents of
stray hatchery stock, this quantity is defined as

SNAP,.,  - psNAck*v
. &G%WRVrO - kFf,, (1471sNAp

-.

for K=Tl,T2. For hatchery reared stock, this quantity is defmed as
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and

=%3,” - iz,, I .F1,, S~%.Y + 8, .

SAl4pI-,y  - PSIUA  C/-iv . PS.SSURV?O  - Teiatp,
ShMP,,

(148~

(148)

’ for j=l& i=e,f,ps;  and CULpcon  or inn culture method(input);  and

.
sIwpk,  - sp,, (1501

for k=l-s,I-s.

GBS..GB23 Smolts After Downstream Passage (SAWS, ,for k=TO,Tl,T2,T3j-i;  j-IS;,
i=e,f,ps,s; and y=year) are the number of smolts remaining to below Bonneville Dam. For
wild and hatchery stock, this quantity is defined as

1 hhAOPk,,  tbr V - 1

gAopk.y - ‘i&e
1161)

VAOP,,  ‘,

for V=1,2  variation toggle for downstream passage survival (input).

GC8..GC23 Smolts After Estuary (SA&, for K=TO,Tl,T2,T3&i; pj,Z;  i=e,f,ps,s; and,
y=year)  is the number of smelts that survive to the ocean. For wild and hatchery stock, this
quantity is defined as

” I.lWAE,, fw i,; 1

=E& - I eke

vAEk#

IlS2)

for E~1,2 variation toggle for estuary survival (input).
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GD8..GE23;  GT8..G023; HJ8..HJ23; HZ8..IA23 Adults in the Ocean (AOsh,.,  for s=M,F;
hT1..4  years fish are in the ocean; k=TO,Tl,T2,T3$4;  j=l,& i=e,f,ps,s; and y-y&r) is the .
number of adults of all age classes in the ocean. For wild stock, this quantity is defined as

AOS?,~,  - SAE+,,  * 0.5 * OSURV, 11631

a n d

AOs4o.v - uosth-  1 )T@.”  * ~lm4 -4154

for h=2..4  years fish are in the ocean aind LlOsh,  equal the c+lculated  number of adults left
in the ocean for s=M,F; h=1..4 years fish are in ,the ocean; k=TO,Tl,T2,T3&!;  j=l,& +e,f,ps,s;
and y’year. For progeny of one or two hatchery strays, this quantity is defined as

AOslk,,  - =E.,,. ’ 0 . 5  - OSURV,  - kFF,,v (1551

for k=Tl,T2  +nd

AOsH,, - f/&Vi-  1 )k.”  ’ &JiV, . kff,,” mw

for k=Tl,,T2 &d h=2..4 years fish are in the ocean. For hatchery released-stock, this qua&y
is defined as

_. s
AOsb - J,,, i -zms Aosbev + ’ mn

for h=1..4  years fish are in the ocean;

AOslj-;,,  - tU& * 0.5 - OSURV,  1 T@lmr.. (1561

for j=lX i=e,f,ps,s; and CULT=con or inn culture method (input); and
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A Oshi+ - LIWh-  lbi+ - OSURV,  - T4;.-, (169)

for h=2..4 years fish are in the ocean; j=lz i=e,f,ps,s;  and CULT=con or inn culture method
(input).

GFS..GG23;  GVS..GW23; HL8..HM23; ,IB8..IC23 Ocean Harvea (OHsh,, for s=M,F:  h=1..4
years fish are in the ocean; k=TO,Tl,T2,T3j-i;  j-12,  i=e,f,ps,s;  and y==year) is the number of
adult fish harvested from the ocean fishery. For wild stock, the ocean harvest is defined as

ohh,, - A&&.”  * mk ’ tlm \

for h=!..4 years fish are in the ocean and k=TO,Tl+T2.  For hatchery stock, the ocean harvest
is defined as

I
0nshn.v  - ,T,,, i -ze, OHsh~~v l =,

_
ww

.

h=l..4 years fish are in the ocean and

OHshi-,.+ - AOshi+,  - ‘Mb - T4*;&. .m2)
._

‘. /’

for h=1..4 years fish are in the ocean; j=lA i=e,f,ps,s;  and C&?Ll%oti or inn culture method
(input). ’ , /-

,

FC8..FD40;  FS8..FT40;  GI8..GJ40; GY8..GZ4p Adults in, O.cqm After Hanmq (A~AH~h~~  ’
for pM,F; h=1‘..4  years fish are in the ocean; k=TO,Tl,T2,T3$-i; j=@,  i=e,f,ps,s,a; tid ”
y=year)  is the, number of adult fish remaining in the ocean after the ocean harvest  This )
quantity is defined- as

I
.,

AOA&hkvv  - AOshdev  - OHshkS, (183)
,.

‘1
,.

for s=M,F; h=1..4 years fish are in the ocean; k=TO,T,l,T2,T3,$i;j=l&  and +f,ps,s,a

, I
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FE8..FF40;  FU8..FV40;  GK8..GL40;  HAS.HB40 Adult In-River Returns  (AR&shs,  for
s=M,F; h=1..4 years fish are in the ocean; k=TO,Tl,T2,T3&$;  j=l$, i=e,f,ps,s,a; and y=year)  is
the number of adult fish that return to the Columbia River after spending one to four years in
the ocean. For wild stock, this quantity is defined as

ARRshke,  - AOAHsh,,  . MRTOsb (164)

for k=TO,Tl,T2 and h=l..4  years fish are in the ocean. For hatchery stock, this quantity is
d e f i n e d  a s

ARRsh,,  - AOAHsh&, . MRBs,, (16w

for k=T3j-i;  j=l$, i=e,f,ps,s,a;  and h-l ..4 years fish are in the ocean. . , ’

FG8..FH40;  FW8..FX40;  GM8..GN40;  HC8HD40 Adults In-River Harvest (RHsh,
for s=M,F; h=l..4 years fish are in the ocean; k=TO,Tl,T2,T3&;  j=lJ,  i=e,f,ps,s,a;  and
y=year)  is the number of adult fish taken during the pre- and-post-terminal harvest. For wild
stock, this quantity is defined as

RHshka,  - ARRshkev  . MHR,

for k=TO,Tl,T2 and h=1..4-years  fish are in the ocean. For hatchery stock, this quwtity is
defined as

RHh, - ,r;,*,  i; &,,‘RHshi-J.” ” (187)

for h=1..4  ye& fish are in the ocean and

RHshl+,  - A RRsi++.,  . hWRb  + TEjiewTh Clss,

for j=lJ, i=e,f,ps,s,a; h=1..4 years fish are in the ocean; and CULT=con or inn the culture
method (inpbt).
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GN8..GO23;  HD8..HE23;  HT8..v23;  IJS..IK23 Straw After Adult Passage (ST’Ysh,,  for
s=M,F; h=l..4  years fish are in the ocean; K=TO,Tl,T2,T3j-i;  j=lJ’, i=e,f,ps,s,a; and y=year)  is
the number of adult fish in the natural escapement. For wild stock, ‘this quantity is defined as

STRYS&,,~  - ( ARRs&., - RH&,..* ) * ( 1 - HF 1. =uRY, (169)  (

where HF is an estimate of homing fidelity to the subbasin  (input) and for h=l..Q years fish
are in the ocean, and

STRYs& - ( ARRsh&  - RH;rh,,  ) * ( 1 - W ) - PSURV,  . kW,e, (1701

for k=Tl,T2  and h==1..4  years fish are in the ocean. For hatchery stock, this quantity is
def ined as

STRY~,~  - 1 C SfRyJh/_v ’j - 1.1  i - rcrrr
(171)

for h=l..4  years fish are in the ocean where

STRYSh~,,,  L ( ARRS~-i,,  - RHsh,+,  ) . ( 1 - hF. ?6?arM ) * PSMV,  * T4cw, 1172)

\

for j=15; i=e,f,ps,s,a; h=l..4 years fish are in the ocean; and CU’T=con  or inn the culture
method (input).

GR8..GS23;  HH8..HI23;  HXS..HY23; IN8..1023  Adults Left in the Ocean (Llosh,  for ‘!
s=M,F; h=1..4 years fish are in the ocean; R=TO,Tl,T2,T3&i; j=lJ;, i=e;f,ps,s,a; and y-year) is
the number of adult fish of all age classes remaining in the ocean. This quantity is de&d&

UOsh,,v  - max ( 0 , AOAHsh,,”  - ARRsh,,,  ) 11731
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ECOSYSTEM  DIAGNOSIS  A N D  TREATMENT  MODEL
AS APPLIED  TO SUPPLEMENTATION

APPENDIX A
SENSITIVITY ANALYSIS

1. INTRODUCTION

A general sensitivity analysis was conducted in order to 1) assess the ranges of biologically
relevant, values for input parameters, 2) evaluate the relative effects of a specific set of. input
parameters on the model output, and 3) examine the. reliability of the model (i-e.,  whether the
model behaves as expected) under a variety of specific  conditions. Values for input
parameters were deemed biologically relevant if they provided logical results (based on
literature and expert opinion) and did not drive, wild stocks to extinction. The: latter
requirement reflects the association between uncertainty in parameter values and the
magnitude of the effect that- a given parameter has on the model results. Even though there I

are no deliberate restrictions on the values for input parameters (other than specific sets
adding to lOO%), we recognize the magnitude of uncertainty and provide suggestions to
reduce the influence that any one parameter may have on the model simulations. Tests of
model reliability, on the other hand, require that stocks go to extinction under specific
conditions or produce logical results as a check on the formulation of the model:

The analysis is not meant to be an exhaustive sensitivity analysis. The interactions between
input parameters were not, explored. Instead, this analysis is intended to provide insight on the
relative influence. of individual input parameters under a specific set of conditions, Thus, if
the relative strength of a parameter is much greater than the certainty associated about the
appropriate parameter value, a range of values can be used in simulation runs. This analysis
can also be used to determine what parameters require further investigation. If the relative,
influence of a parameter is much greater than the certainty associated with the knowledge
about a parameter value, further research is warranted. Research on specific parameter values
(albeit difficult) result in a greater reliability of model comparisons and understanding of the
system under investigation. Finally, this analysis can be viewed as an example, to user defined
model comparisons.
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2. METHODS

Fifty year simulations of EDTM 3.0 using the density-independent predator-prey response
function (Type I response) were conducted varying one input parameter at a time (except for
the age distribution parameters which must add to 100%). All other parameters were set to the
value associated with a standard run except the parameter values for supplementation, culture
method, and stock source. Each simulation run with supplementation was made using either
fry or smolt outplants; conventional or innovative culture methods; and a stock source of
either local (100% collected’ during pre-terminal harvest) or imported (adjacent) stock. Genetic
recovery scenario 3 was assumed in each case.

The input parameter values for the standard run and the sensitivity runs are listed in Table A-
1. The parameter values for the standard run are listed in the first row below the double line,
and the parameter values used in the sensitivity runs are given below the standard run values.
The input parameter values for the standard run, though representing a hypothetical subbasin,

are based on values associated with certain actual subbasins. The standard run has
supplementation turned off; thus, all input parameters associated with a hatchery generated
stock do not affect the model results. All input parameters not varied in the sensitivity
‘analysis and their values are listed in Table A-2: These parameters were generally presumed
to have less of an influence on the model results, or to have‘effects comparable with other
parameters - or. to be redundant. In order to expedite the sensitivity analysis, we did not vary
these parameter values. Interannual variation in passage survival and estuary survival was not
evaluated.

Seven sets-of simulation runs were conducted (Table A-3) totaling 2,490 runs. All parameters
were varied as shown in Table A-l except for the numeric release goal, culture method and
stock source. Plots of the resulting numbers of natural spawners, showing both the number of
wild fish and total fish, were made for each input parameter. “Wild fish” refers to those
having naturally spawning parents. Total natural spawners includes hatchery fish that spawn
naturally in the subbasin. A visual assessment of the plots was used to determine which
parameter values resulted in extinction of wild stock. The slope of each line between the
largest and smallest parameter value and their resulting number of natural spawners in the 
subbasin was used as a gross measure o f  the relative effect of each parameter on the model
results. The absolute value of the slopes generated within each simulation set were ranked and
then compared across sets for consistency. Slopes less than 5 were considered biologically
insignificant. The percent change of each simulation run from the standard run was also
calculated for comparison.
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3. RESULTS

-The standard run (no supplementation) produced 7,694 natural spawners (Table A-4)‘. For this
set of simulations, all functional responses between input parameter values and the number of
natural spawners produced were either monotonically increasing or decreasing, except for
Mx%NBS.  Thus, for input parameters yielding a positive slope, parameter values greater than
the value used in the standard run produced more natural spawners than that produced in the
standard run. The reverse relationship was observed for parameters yielding a negative slope.
In one simulation sesries (set 3), the parameter Mx%NBS displayed a curvilinear response.

The evaluation of the gross effect of input parameters can become complicated when the’
functional response of each parameter i s  structurally different. However, since most functional
responses were monotonic; the slope calculation between the highest and lowest input
parameter value proved to be a successful way to rank effects. Out of the sixty input .
parameters varied for the simulation runs, only eight parameters displayed-a significant
curvature in their response (Fig. A-l). Ignoring the curvature  for these parameters produces
one slope which is roughly equivalent to-averaging over the individual segmental slopes in
the response curve.

Table A-5 lists all the input parameters which displayed a negative response in the number-of
natural spawners with natural parents and total natural spawners after 50 year simulations.
Except for those parameters associated with the age distribution of adults on the spawning
grounds, the negative responses of the input parameters are easily understood. As expected,
increasing the minimum harvest rate while allowing a random harvest or increasing the
number of fish allowed for broodstock decreases the number of natural spawners.

, Negative slopes observed in runs associated with the steady state age distribution (on the
spawning ground) input parameters is, consistent with the observation that the longer, fish
remain in the ocean less wild and hatchery stocks return to the subbasin (Table A-5). The age
distribution parameters were varied two at a time since all four age classes must sum to 1’00%
(see Table A-l). For each, genetic stock and sex, the slopes produced from varying age classes
1 and 2, 2‘ and 3, and 1 and 3, were associated with age class 1, age class 2, and age class 3,
respectively. This pairing was purely for presentation and slope generation. Age class 4 was
held constant in all runs. Note that within each set, the designation ‘for association was
arbitrary, and in fact must be attributed to both varied parameters. Thus, elucidation of the
negative slopes becomes more complicated.

,
The age distribution parameters are used to calculate the maturation schedule (MRKs,,),  which
is then held constant through the $0 year simulation (Fig. A-2). The maturation schedule
defines the proportion of fish in each age class returning to spawn. Figure. A-2A shows that as
we increase the initial proportion on. the spawning grounds of age class 1 and decrease the
proportion of age class 2 (Table A-l), the maturation rates for the two age classes  increase
and decrease respectively. The maturation rate for age class 3 is unaffected. Similarly, when
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we increase the proportion in the ocean of age class 2 and decrease the proportion of a g e
class 3, the maturation rates for age classes 2 and 3 increase and decrease respectively (Fig.
A-2B). The maturation rate for age class 1 is unaffected. However, when we increase the
initial proportion-of age class 1 on the spawning grounds and decrease the proportion of age
class 3, the maturity rates of both age classes 1 ‘and 2 increase, while the maturity rate of age
class 3 decreases (Fig. A-2C). Therefore, when the maturation rate is increased in the younger
stocks (and conversely decreased in’ the older stocks) we observe an increase in the number  of
wild (or total) spawners. Thus, our original supposition was correct..

Table A-6 presents the range of input parameters that resulted in less than 100 spawners of’
wild stock for each simulation set. Input parameter values less than or e&l to those values
listed are considered inappropriate for management consideration since wild stocks were
driven to a population size of less than 100. The opposite extreme of setting the value of an
input parameter too high and producing an extreme number of spawners is more difficult to
address. It is’ easier to recognize an extreme number of fish than to recognize the upper
boundaries ,of the input parameter. However, when the uncertainty associated with an input
parameter value is high, a range of values can be evaluated.

Tables A-7 and A-8 l is t  the calculated slopes and the ranked relative effect of each parameter
on the number of natural spawners. Tables A-9 and A-10 list the calculated slopes and the
ranked relative effect of each parameter on the number of total spawners. Both tables of
ranked effects (Tables A-8 and A-10) ignore parameters which produced a slope whose
absolute value was less than 5. Tables A-8 and A-10 must be evaluated with care, since no
interactions between parameters were evaluated and only density-independent smolt to smolt
mortality (Type I predator response) was assumed.

For all seven sensitivity sets, the input parameters for estuary/early-marine survival @U..y)
and juvenile passage survival (JRSURV)  had the greatest effect and produced a maximum of
approximately 73,000 and 18,000 total spawners respectively. EDTM 3.0 is not aimed at
modeling the allocation of mortality beyond the subbasin and relies on density-independent
mortality, in the form of multipliers, for passage (both juvenile and adult), estuary, and ocean
survival derived from models that evaluate mortality in these life-stages more explicitly. The
parameter effect of estuary survival is nearly five times greater than the effect of juvenile
passage, but this is due to the assumed low estuary/early marine survival (15%). Since
empirical data is lacking outside of the subbasin to define exactly where mortality occurs,
assigning mortality in the model to the passage, estuary, and ocean life-stages becomes.
difficult. Greater mortality can be attributed to either passage or ocean stages, and thus,
estuary mortality and the parameter’s effect on the model results can b e  decreased. In any
case, the level of uncertainty associated with estuary survival and the  magnitude of effect this
parameter has on the model results suggests that this is an area which warrants more research.

All other input parameters (Table A-l), produced a maximum number of total spawners of
less than 12,000, with most less than 10,000 except for the parameters RELSURV,,~,,  and *
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PmvN, in the innovative culture simulation set; in that case, both produced approximately
14,000 total spawners. Observations regarding patterns among the ranked effects of the input
parameters must be couched in terms of the limits of the parameters and conditions evaluated. - .
Thus, all observations can be considered hypotheses for further investigation. For example,
the effect of adult passage survival (RSURV,,)  was greatest for. age class 2 for both measures
of natural spawners (Tables A-8 and A-10). It was ,also noted that the rank order of adult
passage for each age class is the same as the rank order of the input age distribution on the
spawning grounds (ADKsJ.  One could’then hypothesize that the relative effect of the adult
passage survival parameters is directly related to the proportion of each age class returning.

In general, the relative effect of each life-stage, survival parameter (EI;sURVTO,
ESB!TURVTO,  l?S.SSURvTO, and’S.SSURYj‘  increased from egg-to-fry survival to smelt-,
smolt survival (Tables A-7 - A-10). This is’likely due to the, cumulative decrease in #ens&-
dependent effects affecting each life-stage by going from eggs to smelts  Because we assumed
density-independent moeality  in the smolt-smolt stage, small changes to this stage survival
had a much greater influence then similar changes to egg-to-fry survival. ”

The rank positions associated with the age distribution parameters (AD@,)  were more
consistent for the total natural spawners response than .for wild ,fish  natural spawnem (Tables
A-7 - A-10). In general, within each ago class, the relative effect of the TO .male age
distribution was greater than the effect of the TO female age distribution. For T3 fish, the
pattern was the same except that the age class 2 female age distribution relative effect was
always greater than the age class 2 male age distribution. The relative effects of the TO age
distribution parameters by age and sex were all greater than the relative effects of the T3 age
distribution parameters. :

A lack of consistency. was observed among, the parameters affecting broodstock removals for
hatchery stock production (Mi%NRS,- Mx%.UNR,  Mx%-UTR and Mx%T?&,For  runs
supplementing 3 and 5 million local fry, the relative effects. of &!k%U. and M;l%UYjVwee
much greater than those for M&NBS and Mx%T3E  (Tables A-7 : A-10). ,However, for runs
supplementing local smelts  and 1 million loc,al  fry, the relative effect of Mi%Nm  was orders’
of magnitude greater. than iWx%UNR and MxWUTR. This inconsistency iS likely related to
the apparent greater, survival to spawning age of supplemented local smelts  compared to
supplemented local fry (Table A-4).

The relative effect of the smolt genetic fitness components for Tl to T3 genetic stock (GJE’J
generally decreased from Tl to T3. For the simulation runs with the numeric release goals of

’ 1 million local fry and 5 million imported fry, however, the‘ relative effect of the factor for T2
xY

genetic stock was the lowest. These are also the runs that produced the smallest’number of T2
spawners.

The slopes produced by the input parameters RECSURV,,,, and PmN,,  the relative survival
of smolts using conventional culture methods and ‘the percent improvement of smolt survival
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using innovative’ culture methods respectively, must be evaluated together. The standard
parameter value for RELSURV,,,,, was set at 0.09, which is a pessimistic scenario based on
past observations in one subbasin (Table A-l). The standard value for RUNN,, on the other
hand, was set at 0.50. Thus, with innovative culture methods using the standard values, we
achieve nearly twice the number of total spawners. The parameter value for IzI1yN; ranged
from .l to 10 (Table A-l), however, which allowed a 99% smolt relative survival of hatchery
stock compared to wild stock.

4. CONCLUSIONS

Following Bunnell (1989), the EDT model is a tool designed to promote understanding of
biological processes. This designation does not preclude it from use as a decision tool when
the relative risk of specific actions or goals are being assessed. However, because &EDT
model is not intended for predictive purposes, the results of this sensitivity analysis must be
viewed in the appropriate context. Simulations for the purpose of evaluating the relative
effects of a specific set of input parameters and to determine the range of values considered
biologically relevant were conducted assuming only a density-irrdependent predator-prey
response function. Patterns observed between the relative effects of related input parameters
must be regarded as hypotheses and considered only for their consistency with observed
behavior of the population of interest. Consistency between model results and observed
behavior patterns provides the necessary check on model reliability..

Complex models require selection and simplification of data unrepresentative of nature, and
often when no data exist, the best guess is used for a specific functional responsk. On the
other hand, a mathematical summary of a textbook does not tell us much more than we
already know (Hedgpeth 1977). Models built for understanding require of themselves constant
change as new understanding evolves. Thus, models in this category are constantly  being
examined for behavior that is not expected and often not intended To date, we have not
detected unintended behavior.

Under the assumptions that these simulations were run, these results suggest that
supplementation of local fry provided less benefit than releases of local stock smelts. Second,
innovative culture methods provided a substantial benefit. However, since the relative survival
between hatchery and wild stock was set so low; a full range of benefit can not be determined
from -these runs. Note that the effect of a density dependent predator-prey response function
will change these results. One cannot address whether or not supplementation is beneficial
from this analysis.

Finally, it is important to stress once again the difference between models meant for
prediction and those built for understanding. Policy makers far too often accept model results
as realities instead of hypotheses. It is up to the user to insist that results from this model be
viewed as relative responses of one action over another. A specific number of spawners plus
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or minus some amount can not be guaranteed with any probability. The EDT model can be
used as a decision tool for the specific purpose o f  developing supplementation programs with
the goal of increasing the odds that the genetic integrity of wild stock is maintained.
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Table A-l. Input parameter values for the simulajion  nms on EDT model.

cc RICCC RWSC EPFTO EPFTOO Ef’FTO EPFT04 E.FSURV F . P S S U R V  F’SSSUR S.SSUR JF’SUR ESURV PSURVl PSURV2 PSURVI PSURW
Smlt Incub. Ratio 1 TO fsc 3 TO fee TO TO VT0 V V Edur Adlt pas Adtt par Adlt pas Adlt prr

can-y. cap/CC win/sum TO hc age 2 TO fee We44 Eawfry Fry-punt Punt-rmt Den. Juv UIN 8&v W N #UN 8UN

cap. cap afjb 1 wea W N WN ‘ U N Id. Pas rOa1 We1 (IO01 WPl
WN WN

2 . 0 0 0 . 0 0 0  3 0 0 0.8 1,658 4.201 8,305 7.289 0.80 ~ 0 . 6 6 0.58 0.73 0.5Q 0.16 0.80 0.80 0.80 0.80

500 10 0.1 1.000 2,006. 3,000 4,000 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

l.ooO 60 0.4 1.656 3,000 4,000 6,ow 0.20 0.20 0.20 0.20 0.20 0.20 _ 0.20 0.20 0.20 0.20

10,000 100 0 .8 2,000 4,000 5,000 ~.OCXI 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

50,000 150 1.0 3,000 4,201 8.306 7.289 0.40 0.40 0.40 0.40 0.40 0.40 p.40 0.40 0.40 0.40

100,000 200 1.2 4.000 5.m 7,ooO 8,000 o&j’ 0.50 0.M) 0.60 0.60 0.50 0.50 0.50 0.60 0.60

5oaooo 250 1.4 6.ooo 8.000 9,000 0.80 0.80 0:80 0.80 0.80 0.60 0.80 0.60 oio_ 0.80

1,000,ooo 300 1.8 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0 70 0.70 0.70

1.600.000 350 2.0 0.80 0.80 0.80. 0.80 0 .80 0.80 0.80 ,0.80 0.80 0.80

2,000,ooo 400 0.90 0.90 0.80 0.90 030 0.90 o.sb 030 0.80 0.90

I



Table A- 1. Continued.

-

HARV MiHR ADTOM ADTOM ADTOM ADTOM ADTOFl ADTOFZ ADTOF ADTOF ADWMl iDT3M ADT3M3 ADT3.M ADT3Fl ADT3F2 ADT3F ADT3F

Rnd or TWl?l 1 2 3 4 Aga dir Atp dir 3 4
-Ago  dir

Age-dir 2 Age dir 4 Aor dir Age dim 3
nlect haN Age dir Age dis Age dir TO fern TO fern Age dit Age dir T3 mrl &JO  dit T3 mal Aas dir T3 km T3 fern

TO mal TO mal TO mal TO mal TO fim
Age die A9sd:

haN rate we 1 we2 TO fern We1 T3md we3 T3 mal we 1 (190 2 T3 fam T3 fern

age 1 WI@2 age 3 8Ob 4 wP3 aaa  4 ’ we 2 we4
-,

we3 we4

0 0.00 0.727 0.205 d.oo9 0.894 0.293 0.080 0.727 ’ 0.205 0.008 0.011 0.894 0.293 0.002

0 0.10 0.01 0.79 0.2 0.01 0 0.8 0.2 0 0.01 0;79 0.2 0 0.8 0

1 0.20 0.06 0.74 0.2 0.01 .O.Ol 0.79 0.2 0 0.06 0.74 0.2 0.01 0.01 0.79 0.2 0

0.30 0.1 0.89 . 0.2 0.01 0.76 0.2 0.1 0.89 0.01 0.06 0.2 0

0.15 0.88 0.01 0.1 0.2 0.16 0.88 0.01 0.1 0.2 0

0.2 0.81 0.01 Oil6 0.86 0 0.2 0.2 0.01 0.86 0.2 ?

0.80 0.68 0.2 0.2 0 .8 0 0.26 0.2 0.01 0.8 0.2 0

0.70 0.61 0.2 ,o. 26 0.66 0.2 0.3 0.61 0.01 0.26 0.56 0.2

0.80 0.86 0.01 0 0.3 0 0.86 0.33 0 ~0.7 0.3 0

0.06 0.29 0.01 0.7 0.29 0.06 0.86 0.01 0.01 0.29 0

0.86 0.24 ’ 0.06 0.7 0 0.1 0.24 0.01 0.7 0.26

0.16 0.86 0.01 0.1 0.2 0 0.86 0.19 0.1 0.7 0

0.2 QT4 0.16 0.7 0.16 0 0.86 0.14 0.16 0.7 0

0.26 0.09 0.01 0.7 0.1 0.26 0.66 0.09 0.01 0.7 0.1

I 0.3’ 0.86 0.01 0.26 0.06 0 0.86 0.04 0.26 0.7 0

0.08 0.38 0.01 0.2 0 0.08 0.65 0.38 0.01 0.01 0.2 0.79 0

0.08 0.8 0.33 0.01 0.01 0 .3 Oi9 0 0.8 0.33 0.01 0.3 0

0.08 0.28 0.01 ’ 0.69 : o.* 0.86 0.29 0.01 0.01 0.4 0.69 0

0.08 0.7 zO.23 0.01 0.01 0.6 0 0.06 0.7 0.23 0.01 0.6 0.49 0

’0.08 0.76 0.19 0.01 0.01 0 .8 0.39 0 0.08 0.76 0.19 0.01 0.01. 0.8 0

0.08 O.f3 0.01 0.7 0 0.08 0.13 0.01 0.7 0.29

,*
0.19 -0.01 0.8 0



Table A-l. Continued.

IRSMTO IRSFTO
h-lit  ret lnit ret
to sub to sub
TO mal . TO fern

IRSMTBI
Init ret
to sub

T3 I mel

IRSFT31
Init mat
to wb

T3 I fern

SUPNUMf SUFWJMs Mi%NBS Mx%UNR Mx%UTR Mx%T3E
SUPP t SUPP t Min % Max % Max 96 Max %

fry . 8mlt flat und  of used  of T3 fish
brdctk nat run tot run in nrt 0

1,500 1.200 0 0’ 0 0 1.00 0.60 0.60 0.60

100 100 100 100 0 0 0.1 0.1 0.1 0.1

600 500 600 6 0 0 1OOOOOO 1OOOOOo 0.2 0.2 0.2 0.2

1000 : 1000 1000 100. 2- 0.3 0.3 0.3 0.3

1500 1500 1600 1500 SOOOOOO 0.4 0.4 0.4 0.4,

2000 ’ 2000 2000 2000 0.6 0.6 0.6 0.5

-2500 ,2SOO 2500 2Soo 0.8 0.8 0.8 0.8

.3ooo 3om 3ooo m.. 0.7 ‘b.7 0.7 0.7

0.8 0.8 0.8 0.8

0.9 0.9 0.9 0.9

1 1 1 1
-



Table A-l. Continued

FFTl FFT2 FFT3 FFI FFa FFd FFc FFi RELSURVf RELSURVI CULT PlNNs Mx%CCE PccB2
Fii fact Fii fact Fit fact Fii fact Fit fact Fit fact Fit fact Fit fact. Rel l urv Rpl  SUN Cult tech % lmpmv Max 96 96 of cc
domest domeat domost stk war stk  uw stk u)r culture cultum fry ml 8m ml 1 = conv perf  in of cc to achieve

TO Tl T2 IOCd 41 dirt oonvont innovat fconventl Iconvantl 2 = lnno 8m ml oaten 112  MxtE
I c

0.95 0.90 0.86 1.00 0.70 0.10 0.80 1.00 0.20 0.09 1 : 0.60 0.60 0.39

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 1 0.1 0.1 0.1

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 2 0.2 0.2 0.2

0.3 b.3 0.3 .0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

0.4 0.4 0.4 0.4 0.4 0.4 0 .4 0.4 0.4 0.4 0 .4 0.4 04

0.5 0.6 0.6 0.6 0.6 d.6 0.6 0.6 0.6 0.6 0.5 0.6 0.6

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 . 8 0.8

0.7 _ 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 ,0.7

0.8 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.8 .0.8 0 .8 0.8 0.8

0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

1 11 1 1 1 1 1 1 : 1 1 1 1

2

3

4

6

8

7

9

9

10



Table A-Z. Input  parameter vales for those parameters  not vtied duling  @e simulation
analysis.

Parameter
YEARS IN THE OCEAN

l/ALL 2 3 4

O!XlRV,
P.SPSuRVTO,
P.SPSuRVT3,
J=Fk

s
HREBP
HRBP
smuR,
Bar
BRBCSR
MMNE

~MlFmEEFRSA
FJ’SRSA
FSSRS
P.SPSuRVHTO
F
s s
SCEN

50%
80%
80%
100%
2%
7%

60%
80%
80%

3%

gt Activated)
(Not Activated)

60

70% 80%
80% 80%
80% 80%

4% 4%
7% 7%

60

100
100

1.0
1.0
1.0
1.0

1
2
3

NC% EGG FRY P - S M L T  S M L T ADLT

Egg-fry
Fry-psmlt
Psmlt-smlt
Smlt-smlt
Juv pass
Estuary
Ocean
Ocean hr
River hr
Adlt pass
Prespawn
Horn fide1
TOTAL

50%
30%
10%
0%
0%
0%
0%
0%
0%
0%
1.0%
0%
100%

50%
‘30%
10%
0%
0%
0%
0%
0%
0 % ’

10%
0%
100%

50%
30%
10%
0%
0%
0%
9%
0%
1 0 %
0%

5%
45%
40%
0 %
0%
0%
0%
10%
0%
100%
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Table A-3. Simulation sets nm using the range  of parameter values presented in Table A-l.

.



Table A-4. The’ minimum and maximum numb& of wild and total spawnen produced after 50 year simulations for the standard
tun and 41 nms using the range  of input pammetkn  values listed in Table A-l

WILD STOCK TOTAL STOCK

SET STANDARD’ Minimum M a x i m u m STANDARD Minimum Maximum

w o 7,694 0 ,68,902 7,694 0 68,902
Wl 6,732 0 68,102 6,885 0 68,269
w 3 * 4,093 0 66,495 4,634 0 66,999

.i W5 1,799 0 64,874 2,668 0 65,720
WSI 6,167 0 67,08  1 ,680 0 67,673
WlSC 6,837 0 67,307 7,386 0 70,602
WlSI 7,251 0 68,241 8,075 0 73,184

i

?‘he standard run has all input parameter values set to the standard value except those values associated with the supplementation goals, culture method,
and stock source.



Table A-5. Input pammeten which produced  negative slopes for wild stocks.

Parameter
SET

w o Wl w 3 w5 w51 WlSC WlSI

RICC
RWSC
MiHR  RANDOM
Mii SELECT
ADTOM
ADTOF 1
ADTOF3
ADT3Ml
ADT3M2
ADT3Fl
Mi%NBS
MX%UNR
Mx%UTR
Mx%T3E
RELSuRVf

X

X

X X

X X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

‘X

X

X

x ’

X

X

X

X

,X

,X

X

X

X

X

X

X

X

X

X

x
X



:g,. ,,‘q,
A

Table A-6. Input pammeter  values for which wild stocks went below 100.

set

.

Parameter

L2,%4,%67
5
1 2 3 4 5 6 7,>.I,,
6
1,2,%%%6,7
1,2,3,4,%6,7
1,2,3,4,%6,7
1,2,3,4~,6,7
1,2,3.4,%6,7
2,~,~,~,6,7
2 3 4 5 63 , , ,
6

cc 500 1,000 10,000
cc 50,000 100,000
E.FSURVTO 0.1
E.FSURVTO 0.2
F.PSSURVT 0.1
PS.SSuRVT 0.1
s . s s u R v 0.1 0.2
JPSURV 0.1
PSURVZ 0 . 1
MiHRR4NDOM 0.8 0.9
MiHR  IU.NDOM 0.7
PSuRV3 0.1

Set‘ Parameter Values producing greater than 10,000 wild stock

1,%6,7 cc 3 ,ooo,OOo
137 s.suRv 0.9
1,2,3,4,5,6,7 JPSURV 0.8 .09
12567 > , , , JPSURV 0.7
1 JPSURV 0.6
1,2,3,4,5,6,7 ESURV 0.3 0.4 0.5 0.6 0.7 0.8 0.9’
1,2,5,6,7 ESURV 0.2
1,2,6,7 PSURVZ 0.9



Table A-7. Slopes derived from the minimum and m&mum value of the input parapter  and their
associated response  of wild spawners rbtek  50 year simulations.

VARIABLE wo Wl w3 w5 w51 Wl SC Wl SI

cc 0 0 0 0 0 0 0
ccc
RWSC
EPFTOl
EPFTOZ
EPFT03
EPFT04
E.FSURVTO
F.PSSURVTO
PS.SSURVTO
S.SSURV
JPSURV
ESURV
PSURVl
PSURVZ
PSURVB
PSURV4
MiHR SELECT
MiHR  RAND
ADiOMl
ADTOM
ADTOMB
ADTOFl
ADTOFZ
ADTOFB
ADWMl
ADT3M2
ADT3M3
ADT3Fl
ADT3F2
ADT3F3
IRSMTO
IRSFTO
IRSMTBI
IRSFTBI
Mi%NBS
Mx%UNR
Mx%UTR

Mx%T3E
FFTl
FFT2
Ffl3
FFI
FFa
FFc
FFi
RELSURVf
RELSURVs
PlNNs
Mx%CCE
PCCS2

0 0
0 -45
0 0
1 1
0 0

0 0
11512 10545
117’47 10679
11749 10698
13187 12063
21863 20819
81610 82417

1511 1525
13689 12568
11209 10312

462 4 5 1
-77

-6917
978 871

1020 9 1 4
-2202 -1964

9 0 298
529 213

-1073 -843
-31

-- -11
-s 41
-_ -79
-- 3
-. 67

0 0
0 0

--

-1 0
-270 -86

0 . 0
1 1
1 0
0 0

8416 5599
8332 5128
8400 5313
9582 6006

18649 16331
82493 80467

2254 450
10087 6 6 2 8

7708 3562
565 133

2666 5350
-3205 -1949

267 282
277 277

-763 -594
-232 - 2 3 i
158 178
-85 -85
-36 -36
-17 -17
50 50

-227 -227
8 8

193 193
0 0
0 0
0 0
0 0

-1459 387
-3613 -3613
-2888 -2888

521 521
520 520
115 115

61 91
0 0

-- --
4138 1085

-_ __
910 425

0 0

0 0 0
-224 -12 -4

0 0 0
1 1 1

.O 0 0
0 0 0

10197 10541 10899
9783 10785 1 1 1 2 6
9884 10790 11127

11246 12153 12656
19861 20788 21335
81137 81345 81554

1361 1491 qsis,,
11707 12855 16t58
9476 10473 10568

439 470 472
172 45 -3k8

-6194 -7077 -7609
1431 1635 1665
1546 1741 1749

-3248 -3698 -3755
271 1814 1718
682 305 438

-1516 -2466 -2537
-296 -193 -70
-195 -69 -25
3 8 4 251 91,
-51 -55 -143

1 1 4
4 4 47 123

--
*m -284
-- -73

-40
me 1

267
-- 4

59.
.- 0
__ --
_- 217
__ --
__ -125
-_ 0
__ __

0 0
0 0

0
0
‘0
-3

371
1

238
0
0

638
--
-3659
__

-842
-1
-1
0

1242
10
0

1058
.O

1396

-611
-1
-1

1
35;9

7 5
0

2273
0
0

2273
0

-486
--

0
0

0
0

.-
0
0

0
0

1073
108

0
0



Table A-8. The relative ordering of the effect of each input prrrameter  on wild spawners after 50 year
simulationos  based on the rank order of the absolute value of the slope from greatest to least.

wo WI w3 W5 w51 Wl SC , WlSl

ESURV ESURV ESURV ESURV ESURV ESURV ESURV
JPSURV
PSURVP
S.SSURV
PSSSURWO
F.PSSURWO
E.FSURWO
PSURVB
ADTOMB
PSURVl
ADTOFS
ADTOMS
ADTOMl
ADTOFS
PSURV4
ADTOFl

JPSURV
PSURVZ
S.SSURV
PS.SSURWO
F.PSSURWO
E.FSURWO
PSURV3
MiHR  RANDOM
ADTOMB
PSURVl
ADTOMZ
ADTOMl
ADTOF3
PSURV4
ADTOFl
Mi%NBS
FFTl
FFc
ADTOf2
RELSURVf
.ADT3Fl
MiHR  SELECT
Mx%UNR
ADT3F3
FFf3
RWSC
ADT3M3
Mx%UTR
ADTJMl
ADT3M2

JPSURV
PSURVZ
S.SSURV
E.FSURWO
PSSSURWO
F.PSSURVTO
PSURVB
FFc
Mx%UNR
MiHR RAND’OM
Mx%UTR
MiHR SELECT
PSURVl
Mi%NBS
RELSURVf
ADTOM
PSURV4
Mx%T3 E
FFTl
ADTOMP
RWSC
ADTOMl
A D T O F l
ADT3Fl
ADT3F3
ADTOFZ
FFT2
ADTOFO
FFT3
ADT3M3
ADTOM
ADT3M2

JPSURV
P S U R V Z
S.SSURV
E.FSUFiWO
MiHR  SELECT
PS.SSURWO
F.PSSURWO
Mx%UNR
PSURVB
bk%uTR
MiHR  RANDOM
FFc
ADTOM
Mx%T3E
FFTl
PSURVl
R E L S U R V f  -
Mi%NBS
ADTOM
ADTOMl
ADTOFl
ADT3Fl
ADT3F3
ADTOFZ
PSURV4
FFT2
RWSC
ADTOF3
FFT3
ADT3M3
ADTBMl
ADT3M2

J F ’ S U R V  .
PSURVZ
S.SSURV
E.FSURVTO
P8.ssuRwo
FPSSURWO-
PSURh
MiHR  RANDOM
R E L S U R V f
ADTOM
ADTOMZ
ADTOF?
A’DTOM  1
PSURVl
ADTOF2
FFc
PSURV4
ADT3M3
FFTl
ADT3Ml
ADTOFl
FFT3
RWSC
MiHR SELECT
ADT3M2
ADT3Fl
ADT3F3

JPSURV
PSURVZ
SSSURV
P!&SSURWO
F.PSSURWO
E.FSURWO
PSURVB
MiHR  RANDOM
ADTOM
ADTOF3
ADTOFl
ADTOMZ
ADTOMl
PSURVl
FFc
FFT1
m
Mi%NBS
RELSURVs
PSURV4
ADTOFZ
ADT3M3
ADTbll
ADT3M2
ADT3Fl
ADT3F3
MiHR  SELECT
RWSC
FFT2

JPSURV
PSURVZ
S.SSURV
pS.SSirRWO
F.PSSURWO
E.FSURV’l-0
PSURV3
MiHR  RAkDM
ADTOMB
FFTl
ADTOF3
FFi
FFI
ADTOMZ
ADTOFl
ADtoM
P S U R V l
RELSURVa
Mi%NBS
PSURV4
ADTOFZ
MiHR  SELECT
ADT3Fl
ADT3F3
PlNNs
ADT3M3
FFT2
ADT3Ml
ADT3M2

ADT3F2 ADT3F2



Table A-9. Slopes derived firom the minimium  and maximum value df the input parameter aud their
associated rlesponse  of total spawn&s after 50 year simtdations.

VARlABLE TO Tl T 3 T 5 i51 TlSC Tl SI

cc 0 0 0 0’ 0 0 0
ccc
RWSC
EPFTOl
EPFT02
EPFTOB
EPFT04
E.FSURWO
F.PSSURWO
PS.SSURWO
S.SSURV
JPSURV
ESURV
PSURVl
PSURVZ
PSURVB
PSURV4
MiHR  SELECT
MiHR  RANDOM
ADTOMl
ADTOM
ADTOM
ADTOFl
ADTOF2
ADTOF3
ADT3Ml
ADT3M2
ADT3Mg
ADT3Fl
ADT3F2
ADT3F3
IRSMTO

IRSffd
IRSMT31
IRSFT31
Mi%NBS  ’
Mx%UNR
Mx’+UTR
Mx%T3E
FFTl
FFT2
FFT3
FFI
FFa
FFc
FFi
RELSURVf
RELSURVs
PlNNs

’ Mx%CCE
PCC52

0
0

0
1
0
0

11512
11747
11749
13187
21863
81610

1511
13689
11209

462

_-
978

1020
-2202

9 0
529

-1973

0
-45

0
1
0
0

10673
10869
1 d888
12253
21009
82419

1545
12761
10497

452
-230

-7108
873
906

-1961
156
258

-758
3 7
13

-48
-2
25

-30
0
0

-1
-262

0
1
1
0

8840
8953
9020

10196
19241
82822

2268
10710
8319

555
2080

-3919
279
258

-769
-577
207
158
175

58
-225

-46
83

-04
0
0
0
0

.  - 8 9 2
-3178
-2496

994
682
147
8 8

0

- 1
-12’1:

0
1
0
0

6430
6342
6519
7201

17364
81224

731
7824
4817

167
4433

-2854
273
258

-599
-577
227
158
175

58
-225

-46
63

-64
0
.O
0
0

-3%
-2496

9 9 4
682
147
8 8

0

0
-225

0
1

0
0

10633
10423
10524
11893
20520
81251

1434
12362
9870

435
-341

-6832
1432
1512

-3226
461
623

-1634
-53
-19
69

>2-

-2::

0 0
-12 -4

0 0
1 1

0 0
0 0

11228 11928
11471 12155
11476 12157

1 2 9 9 9 13926
22024 23188
85006 87046

1611 1698
13527 1446s
11238 12016

483 492
-504 -1192

-7694 -8536~
1643 1677
1713 1708

-3690 -3742
117Q 752
495 723

-2060 -1927
51 296
18 106

-66 - 3 8 4  ‘.
212 ,258

81 1 2 2
-292 -386

-_

-_
-_
--

__

-_

-127
-63
-35

1
262

4
59’

0
--

214
--

5 6 4
0

4004
--

2654
0

-_

0

1415

-

0
0

,o
-3

352
1

238
0
0

618

-489
21
-1
0

1242
10
0

1059
0

1396

-216.
-1

-1 ’
1’9

3 5 3 9
7 5

227:
0
0

2273 ,
1682 -1280 0

0 -_ 5616

0 0 0
0 0 0

0
0

0
‘0

6837
657

0
0





-...-

----

0 . 4 0.8 0.8 1
JPSURV

+ w o  +w1 -e-w3 -9-w 

20
B

/

.-...- _..___....  “...--. ---

’ 0 0 .2 0.4 0.8 0.8 1
JPSURV

+ W O + WlSC  e WlSl

Figure A-l. Curvatute  in the response function of juveqile passage survival and the number. _
of wild sp~ners  after a 50 year simulation.



oil----*

0 a05 0.1 0.15 0.2 0.26 0.3
AlXOMl

O2
1

---+--~~“.~---.~~  1

00
a56 04 O.&J mmo.7’ 0.76 0.6

o., .I .--- -

I ‘.

--.---

---I

C

0.2 . .-.---...- .“L --_. ----- ----. - --.-

Oi
0 0.06 0.1 0.15 0.2 0.26 0.3

ADToM

a YRTOW - MRTOM2 - MRToM3

F’igum A-2. Matutity  rate for age classes 1,2, and 3 as a function of the age disbibution
input pammeters.



ECOSYSTEM DIAGNOSIS AND TREATMENT MODEL
AS APPLIED TO SUPPLEMENTATION

.
APPENDIX B

DISAGGREGATION OF THE BEVERTON-HOLT EQUATION

The EDT planning model assumes that the underiying relationship between spawning stock
size and subsequent production can be described by the Beverton-Holt equation. This stock-
production (S-P) relation is highly suited to multi-life stage modeling because of how it can
be disaggregated into separate functions for each life stage. Each separate function is then
described by a Beverton-Holt equation, consisting of a productivity and capacity parameter.
This disaggregation procedure provides an analytical framework for conceptualizing the basic
environmental and biological mechanisms that regulate the abundance of a salmonid
population.

The basis of the disaggregation approach comes from Beverton and Holt (1957) and Moussalli
and Hilbom (1986). The approach is also discussed by Hilbom and Walters (1992).

The aggregated form of the Beverton-Holt equation is

where R, = the number of individuals surviving through the nth stage, P, = the composite of
productivities expressed as density-independent survival for n successive stages, Ci =
cumulative capacity through stage n, and S = the number of individuals at the start of the first
stage (or the number of eggs deposited).

The number of fish at the start of each life stage can then be described by

R.
‘*‘-  * (B-2)

i
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where R,, = the number of individuals at the start of the (i + l)th life stage, p, = the
productivity between stage i and i + 1 expressed as density-independent survival for this life
stage, ci = the capacity for life stage i, and S, = the number of individuals at the start of stage
i.

The composite of productivities (PJ for the n stages is

P, - iPi m-3)

which is simply all productivities multiplied together. For a three stage life cycle, for
example, P, = P3 = p, * pz * ps. The parameter P, is referred to as So or the ,low density egg
to smolt survival rate in the Systems Planning Model (NPPC 1989).

The cumulative carrying capacity (C,,), or smolt carrying capacity -8s used in the EDT model,
i s

p*C” - Pisi-lci
(5-4

Unlike the simple product in equation B-3, the cumulative capacity C, depends both on the
stage-specific capacity and stage-specific productivity terms. ,

A three stage model for egg to smolt (as used in the EDT model) results in the folJowing
equation for smolt carrying capacity

C” - PPS
1 PZ PA (6-5)’
-* -+ -
Cl cz G

where c1 = capacity of egg incubation stage, cz = capacity  of summer rearing stage, c3 =
capacity of the overwintering stage, pz = productivity of the summer rearjng stage, andp,  =
productivity of the overwintering stage. The term p,, productivity of the egg incubation stage,
factors out of the equation and does not affect cumulative capacity,

The model described by equation B-5 illustrates that smolt carrying capacity varies in relation
to the capacities of all individual iife stages and the productivities of the latter two life stages.
Thus smelt carrying capacity can be altered by changing productivity of the summer or
overwintering stages or capacity of any .of the three stages. The relative effect of altering one
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parameter on cumulative capacity will depend on its relative contribution to the total.
Equation B-S can be used to perform a limiting habitat analysis ‘(see Lestelle et al. 1993).

Equation B-5 also provides the avenue for estimating the capacity of each of the three stages
using a ratio of c.apacities

The capacity of the second stage (cz) is described by

=2 -
PF l P9a

F- f

(56) j

where 2 is the ratio c,/c,.

The capacity of the third stage (cJ is then simply

c, - zc, (B-7)

The capacity of the first stage (ci) is described by

Cl - WC, (B-8)

where W is the ratio cl/C,.

The value of 2 (this is the same as RWFC,  see Table 6 ,in Part III) is an index of the
relative contribution of winter and summer habitat to the overall smolt carrying capacity. A
very small 2 (i.e., winter capacity, cj, is small compared to summer capacity, &) indicates
that winter is the principal limitation to smolt carrying capacity, while a large 2 indicates that
summer tends to be the dominant limitation. A contmuum exists. for 2, illustrating that each
stream’s carrying capacity is uniquely influenced by the relative amounts of summer and
winter habitat that exists there. Lestelle et al. (1993) concluded that streams with 2 values I;
0.25 are limited more by overwintering habitat; streams with values > 0.25 are limited more \
during summer. The higher the 2 .value the more strongly summer habitat would limit smolt
population size.

Values of W (this is the same as RICCC, see Table 6 in Part III) higher than about 200
: would indicate virtually no density-dependent mortality during the egg to fry stage and
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/ generally that spawning habitat is adequately abundant to seed the available rearing area when
sufficient spawnersarrive on the spawning grounds.

Estimates of the ratios 2 and FV can be based on empirical data, as described-in Lestelle et al.
(1993), or can be assumed. Biologists who, have worked on a particular stream will almost
always have some knowledge about the relative amount of spawning and overwintering
habitat.

Estimation of C,, smolt carrying capacity, can be drawn from reported information, or data
files used for the Systems Planning Model. To disaggregate P,,, start with an estimate of p,,
based on literature, existing studies or an ,assumption.Then  let pz = pa as a starting point for
modeling, or use estimates drawn from literature or studies.

The model shouid be used to examine the effect of uncertainty in these estimates on outcome.
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